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C h a p t e r 

introduction 





Background 
25 years ago, the first cases of the disease that came to be known as AIDS were reported 
in the Weekly Morbidity and Mortality Report of the US Centers for Disease Control [1,2]. 
Since then, 20 million people have died of AIDS and a further 40 million people have 
been infected with HIV-1, the virus that causes AIDS [3]. Human immunodeficiency 
virus (HIV) primarily infects T-lymphocytes and uses the cell machinery for its 
replication. After the production of new virions the cell releases the virions and new 
cells get infected. During the infection a high number of new virions is produced daily 
[4,5]. At the same time the CD4+ T cell numbers decline progressively. With declining 
numbers of CD4+ T cells the risk of opportunistic infections increases [6]. These 
infections are called AIDS-defining events. At that moment an infected individual is 
clinically diagnosed as having AIDS. 

Replication of the virus can be blocked by antiretroviral therapy. By the end of 2005, 21 
antiretroviral drugs were registered for adult treatment; 13 of these have been approved 
for the use in treatment of children. All the antiretroviral drugs interfere with the 
replication pathway of the virus. The drugs can be divided into 4 different classes based 
on their working mechanism. Given the high rates of viral replication and the frequency 
of mutations occurring during each replication cycle, drug-resistant viral strains may 
appear under the selective pressure of antiretroviral therapy [4]. This process can only be 
prevented by completely blocking viral replication. This is achieved by combining at least 
3 drugs from 2 different classes. This combination is called Highly Active Antiretroviral 
Therapy (HAART). HAART is now the standard of care in the developed world and 
its use is being scaled up in developing countries. HAART is also used in children since 
1997. A combination of at least two nucleoside reverse transcriptase inhibitors (NRTIs) 
with either a protease inhibitor (PI) or a non-nucleoside reverse transcriptase inhibitor 
(NNRTI) is recommended [7,8]. 

The number of CD4+ T cells increases after the start with HAART and subsequent 
inhibition of viral replication, both in adults and in children. This immune reconstitution 
decreases the chance of infection by opportunistic agents. As the cure of HIV-1 infection 
by total elimination of the virus is not achieved using this strategy, long-term treatment 
with HAART is indispensable. 

Adherence to the regimen is an important prerequisite for successful treatment. Suboptimal 
levels of medication, after irregular intake, can result in resistance and treatment failure 
after which the regimen can no longer be used for successful suppression of HIV 
replication. Studies in both adults and children have shown that adherence is a major 
factor determining the degree of viral suppression achieved in response to antiretroviral 
therapy [9,10]. Poor palatability, dependency on others for medication and interference 
with normal social life are some of the factors that can negatively influence adherence 
in children. However, treatment of children poses additional difficulties. The majority 
of the children becomes infected during labor, delivery or lactation; they are infected 
before their immune system has fully matured. The plasma viral load of young children 
tends to be higher [11] and progression to AIDS is faster [6,12,13], in part because of the 
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immature immune system. This underlines the necessity of a robust, trustworthy and 

palatable regimen of antiretroviral drugs. Treatment in infants is difficult, because drug 

absorption interactions and metabolism differ from older children, and higher doses 

may be required to achieve adequate drug levels. In the growing individuals the dose of 

the medication must be adjusted regularly to their increasing height and weight in order-

to maintain effective drug levels. 

In adult studies viral efficacy of H A A R T ranged from 40-70% (below 50 copies/mL) 

to 55-80% successful suppression of the virus (below 400 copies/mL) after 1 year of 

10 H A A R T depending on treatment, adherence and the definition of successful suppression 

used 114]' The viral efficacy of H A A R T is assumed to be less in children than in adults. 

Several studies were done to describe the effectiveness of H A A R T in ped.atnc HIV-1. 

Most studies describe a follow-up of 48 weeks or 96 weeks after the start with H A A R T 

Long-term efficacy data are needed. 

The pediatric Amsterdam cohort on HIV-infection (PEACH) was established in 1997 

when H A A R T became available for children. PEACH is an ongoing prospective 

cohort of all children and adolescents under the age of 18, infected with HIV-1 who are 

treated and followed at the AMC hospital. This thesis describes analyses of data from 

this observational cohort. In Chapter 2 a twice-daily PEcontaining regimen used for a 

median of almost 5 years is described. The virologie effectiveness and the immunologic 

response and growth of the children are studied. 

Since new drugs have become available, new regimens can be proposed and applied. 

Recently simplification of the regimen by reducing the number of pills and frequency 

of intake has become possible [15]. Drugs associated with long-term side effects such 

as lipodystrophy, osteopenia and blood lipid disturbances [161 can now be substituted 

with other drugs. These combinations are to be tested in children tor their side effects 

as well as for their efficacy. Once-daily regimens have the potential of better compliance 

than twice-daily regimens. NNRTl ' s may have less long-term side effects than Pi's. In 

Chapter 3 a once-daily NNRTEconta in ing regimen used for up to 2 years is described. 

Children previously treated with other antiretroviral medication and children that 

started this regimen naive to antiretroviral drugs were compared. 

During untreated chronic HIV-1-infection virion production and degradation are m 

equilibrium resulting in a relatively stable viral set-point. After starting H A A R T viral 

replication comes to a nearly complete stop. The decline of HIV RNA is used as a 

measure of the viral turnover before starting H A A R T The cause of the high viral loads 

m young children has not yet been elucidated. To test the hypothesis that higher viral 

loads in children are caused by a higher viral turnover the decline of HIV RNA after the 

start with H A A R T was studied. The results are described in Chapter 4. 

The second part of this thesis focuses on the role of the immunologic memory function 

during the treatment with HAART. How efficacious is H A A R T m pediatric HIV-1-



infection? Does it result in functional immune reconstitution after CD4+ T cells have 
increased? 

Immunology 
Host defense against infectious agents is secured through a combination of physical 
barriers, including the skin, mucous membranes, mucous blanket, and ciliated epithelial 
cells, and the various components of the immune system. The immune system consists of 
T lymphocytes, B lymphocytes, natural killer (NK) cells, dendritic and phagocytic cells, 
and various humoral components such as immunoglobulins, cytokines and complement 
proteins. The immune system also serves to protect against autoinflammation or H 
autoimmune diseases and may help to prevent the occurrence of malignant diseases [17]. 
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Microorganisms that penetrate the epithelial surfaces of the body for the first time are 
met immediately by cells and molecules that can mount an innate immune response. ë 
Common constituents of many bacterial surfaces bind to surface receptors of phagocytic 
macrophages and complement factors. A whole cascade is activated. Cytokines, 
chemokines and small peptides are released by the activated macrophages. This gives 
local inflammation and attracts circulating leukocytes. This cascade of reactions is a first 
line of defense against many common microorganisms and is called the innate immune 
system [18]. 

The adaptive immune system's response is more specific to the microorganism, but it 
needs more time to react upon the first entry of a microorganism. The induction of the 
adaptive immune system begins when an immature dendritic cell in the infected tissue 
ingests a pathogen. The dendritic cell becomes activated, and travels to a nearby lymph 
node. By then the activated dendritic cell has matured to an antigen-presenting cell. T 
lymphocytes that have not yet been triggered by their specific antigen are called naive T 
cells. Naive T cells are continually migrating through the peripheral lymphoid tissues. 
In the MHC molecule on its surface the antigen-presenting cell presents degraded parts 
of the microorganism, called antigens. A naive T cell that recognizes antigens bound 
to the MHC molecule can be activated by co-stimulatory signals on the surface of the 
antigen-presenting cell. The T cell matures into an effector cell. The cell can now act 
on any target cell that displays the specific antigen on its surface. T cells can be divided 
into CD4+ and CD8+ T cells, depending on their surface molecule and their function. 
CD4+ T cells have cytotoxic effects, killing cells that have the specific antigen expressed 
on their surface, secrete inflammatory molecules and can help in activation of CD8+ 

cytotoxic T cells and CD19+ B cells, another lymphocyte subset. CD8+ T cells can act 
as cytotoxic cells. CD19+ B cells mature into immunoglobulin secreting plasma cells 
upon activation with a specific antigen. These plasma cells home to the bone marrow 
and secrete IgM, Ig A, IgG or IgE into the extra cellular space. These immunoglobulins 
bind to the pathogenic antigens and facilitate uptake by macrophages and neutralize the 
pathogen by opsonisation. 

\\' ith these systems acting together the host can fight the infection and try to eliminate 
the microorganism. After primary infection and the production of armed lymphoid cells, 



memory T and B cells remain. These cells are able to mount an enhanced secondary 
response after re-infection, both by their increased number and the lower threshold 
required for their activation in contrast to naive B-cells. This provides immunity to that 
particular microorganism. 

Immunology in children 
"̂  Immediately after birth, neonates have high numbers of CD4+ and CD8+ T cells, all of 
g- which are naive. During the first years of life, as any child encounters several infections, 
U the numbers of activated and memory CD4+ and CD8+ T cells increase progressively 

12 toward adult values [17]. Via the placenta and through lactation, if given, the mother 
.2 passes specific IgG and IgA to her child. Only IgG is actively transported over the 
_2 placenta to the fetus [17]. These antibodies offer a degree of protection to infections up 
£ to about 12 months of life. After encountering infections the child builds up a cellular 
— and serologic adaptive immune system. 

Vaccination 
Vaccination is an artificial way to protect an organism against an invading organism. 
With passive immunization a person gets immunoglobulins to prevent an infectious 
disease upon exposure. This strategy mimics the production of antibodies by plasma 
cells. However, no immunologic memory is formed. In contrast, the development of 
immunologic memory and subsequent immunity to diseases is used in active vaccination. 
A live attenuated or inactivated microorganism is administered to a person. An adaptive 
immune response, as described above, is mounted and subsequent immunologic memory 
develops. This concept was first used a century ago with cowpox and is now used to 
vaccinate against various diseases [19]. 

H e r p e s viruses 
Herpes viruses form a family of viruses that share common features. After the initial 
infection, that often takes place during childhood, the viruses of this family establish 
a latent infection in their natural host and persist for life [20]. Equilibrium between 
the virus and the immune system exists. The virus can hide, thus preventing it from 
being eradicated. In order to persist the viruses reactivate from time to time, with or 
without symptoms (e.g. VZV causes herpes zoster upon reactivation). The viruses can 
then spread to other susceptible persons and a high degree of infection in humans is 
established. On the other hand the immune system prevents further spread of the virus 
over the body. The herpes family can be subdivided into 3 subfamilies, alpha-, beta- and 
gamma-herpes viruses. 

Due to their ability to evade the immune system and maintain latency for life and 
to reactivate after initial infection herpes viruses can cause serious problems in 
immunocompromised patients, like in HIV-1 infected patients. The equilibrium between 
herpes viruses and the host is out of balance, as was observed before the availability of 
HAART. Treatment with HAART has substantially improved the survival and quality 
of life of HIV-1-infected children [21,22]. However, does HAART improve the immune 
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system and hence completely restores the balance between the host and the many 
pathogen microorganisms? 

Varicella zoster virus (VZV) and Herpes simplex virus (HSV) are alpha-herpes viruses. 
VZV causes chickenpox. The virus is very common in temperate climates, where 
about 95% of the young adult population has serologic evidence of previous infection 
[23]. Whereas primary VZV infection in children is usually benign and self-limiting, 
primary infection encountered during adulthood is associated with higher morbidity 
and mortality. The highly contagious virus is less common in tropical climates with an <-
infection rate of 70% or less [24]. After migration to colder climates the patient's risk 13 -
of getting varicella infection at older age increases, which poses an additional threat 
to the host. Complications of varicella are bacterial super-infection, cerebellitis and a 
encephalitis. After the initial infection it establishes latency in the dorsal route ganglia. 
Reactivation is thought to occur when alterations in the balance between the virus and 3 

host factors allow local replication of the virus in the ganglion and axonal transport to 
the skin, resulting in zoster also called shingles [25]. This is mostly restricted to one or 
several sensory dermatomes [20]. 

VZV in HIV-1-infected individuals 
VZV infection in HIV-1-infected individuals can cause severe chickenpox with major 
morbidity and mortality. Before HAART became available a high proportion of the 
patients had to be hospitalized after contracting VZV [26,27]. Recurrence and persistence 
was found to be the most occurring problem [26]. Even during treatment with HAART 
HIV-1-infected adult patients are found to have an increased risk of reactivation of VZV, 
which causes shingles [28]. HI V-l-infected patients who are susceptible to VZV should 
avoid exposure to persons with chickenpox or shingles. After close contact to a person 
with chickenpox or shingles passive immunization with varicella-zoster hyper immune 
immunoglobulin (VZIG) should take place within 48-72 hours [29]. 

In 1972 a live-attenuated VZV vaccine was developed [30]. In the US and Japan this 
vaccine is part of the routine vaccination schedule in children [31]. Susceptible adults 
are also encouraged to be vaccinated. In contrast, in Europe the VZV vaccine is not 
part of the routine vaccination; the vaccine has only recently been licensed in the 
Netherlands. Vaccination of immunocompromised individuals is not recommended by 
the Centers for Disease Control and Prevention (CDC) because of fears of vaccination-
induced chickenpox [32]. However, after exposure to VZV these patients can develop 
chickenpox and have a higher risk of morbidity and mortality. Immunocompromised 
children would benefit the most from protection through vaccination. Vaccination of 
this group could be considered, if vaccination is safe. The safety and efficacy of VZV 
vaccination in HIV-1-infected children that had severe immune deficiency before the 
start with HAART are described in Chapter 5. 

Measles, mumps, rubella 
Since 1957 all children in the Netherlands are offered vaccination against a spectrum 
of common and severe diseases in the state vaccination program (Rijksvaccinatie 
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programma, RVP) [19]. The schedule has undergone several changes since then and 
more diseases were added. In 1973 rubella vaccination for all girls was introduced, all 
children born after March 1976 are vaccinated against measles and in 1987 a trivalent 
vaccination against measles, mumps and rubella (MMR) was introduced for all children. 
Children get this MMR vaccination at the age of 14 months. Because after the first 
vaccination a small proportion of the children does not show complete seroconversion 
to all 3 components, the vaccination is repeated at the age of 9 years. Almost all 
immunocompetent children have antibodies against all 3 components after the second 
vaccination [23]. Life-long immunity is assumed. Children that are not vaccinated or 

~ 14 otherwise not immune are generally protected by herd-immunity. This means that the 
virus cannot spread in a population where the vaccination rate is high. However, the 

g vaccination rate has declined is recent years due to a decline in the acceptance of the 
§ vaccination by the parents [33,34]. Sporadic outbreaks of the diseases still occur in 

Europe. This underlines the need for vaccination in high-risk patients. 

In the era before the introduction of HAART it was shown that HIV-1-infected children 
showed a decline in titers of antibodies and subsequent loss of protection against several 
diseases after vaccination [35,36]. Does HAART stop this loss of antibodies? What 
happens to the antibodies against viruses that maintain latency and are kept for life
long, such as herpes viruses? Serologic memory is one of the functions of immunologic 
memory. Memory against MMR, CMV, EBV and VZV is studied in Chapter 6. 

Cytomegalovirus 
Cytomegalovirus (CMV) is a beta-herpes virus [20]. Primary infection, lifelong latency 
and intermittent shedding resulting from reactivation commonly occur without 
any marked disease consequences in otherwise healthy individuals. Young children 
are mostly asymptomatic during primary infection, whereas adolescents and adults 
can suffer from mononucleosis-like symptoms, such as fever, headache and malaise. 
In immunocompromised individuals this virus can cause a very serious disease with 
symptoms like retinitis, pneumonitis and encephalitis. Despite successful treatment with 
HAART some children tend to continue to spread CMV in the urine. In Chapter 7 we 
explore the effects of continuous CMV replication on the outgrowth of CD8+ memory 
T cells. 

Epstein Barr virus 
Epstein Barr virus (EBV) is a gamma-herpes virus that infects over 90% of humans 
worldwide. As with CMV infection, young children are mostly asymptomatic during 
primary infection, whereas adolescents and adults can suffer from mononucleosis. During 
latency EBV transforms latently infected B cells into proliferating blasts and convert 
these cells into long-lived memory cells [37]. The virus is intermittently shed in saliva 
of healthy individuals. The virus is associated with several forms of lymphoproliferative 
disorders, including Burkitt's Lymphoma and non-Hodgkin lymphomas [38]. The virus 
has the ability to immortalize B cells that it infects. Possibly these immortalized cells 
start to proliferate under circumstances of immunosuppression by medication or disease, 
thus making lymphoproliferation possible to occur overtly. Before starting HAART, 
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E B V is a s soc ia ted w i t h l ymphopro l i f e r a t i ve d i s o r d e r s d u e to i m m u n o d e f i c i e n c y . T h e 

biology o f E B V after t h e s tar t w i t h H A A R T in c h i l d r e n is u n k n o w n . I n C h a p t e r 8 we 

follow t h e b io logy o f E B V d u r i n g t h e t r e a t m e n t w i t h H A A R T 
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Abstract 

Objective: We sought to provide long-term data on the clinical, immunologic and virologie 
response to highly active antireteroviral therapy (HAART) in infants and children who 
are naive to protease inhibitor (PI). 

Methods: HIV-1-infected children, naive to Pis, were treated with a combination of 
nelfinavir and 2 nucleoside reverse transcriptase inhibitors (NRTIs; stavudine and 
lamivudine) in an observational, prospective, single-center study. Virologie failure-
free survival was assessed by Kaplan-Meier analyses. The increase in CD4+ T cells 
during follow-up was estimated with a generalized linear model incorporating repeated 

•fj measurements. 
_d 
t_, 

& Results: Thirty-nine HIV-1-infected children were included and followed for a median 

period of 227 weeks (1QR 108 - 275). The virologie failure-free survival rate was 

74%, 66%, 58% and 54%, after 48, 96, 144, and 240 weeks, respectively. Children 

who experienced virologie failure in 48 weeks (or 96 weeks) were younger at baseline 

Jf compared to the responders (0.8 versus 5.3 years; p<0.003). Eighteen children remained 

hJ on the regimen for > 5 years. All children, including the non-responders, showed a 

sustained immunologic response. Grade 3 to 4 toxicity was observed in 2 patients only. 

Eleven developed clinically evident lipodystrophy. 

Conclusion: Combination therapy can be used safely in infants and children over a long 

period. Young age is strongly associated with virologie failure. Although the virologie 

response declined, immunologic parameters and clinical improvement were sustained 

up to 7 years, at the expense of lipodystrophy. 



Introduction 

Since the Food and Drug Administration approval of nelfinavir, indinavir and ritonavir 
for children in 1997, the first trials in a limited number of children showed virologie and 
immunologic improvement [1-3]. Mortality, disease progression and hospital admissions 
in HIV-infected children have declined substantially since the introduction of highly o 
active antiretroviral therapy (HAART), just as has been seen in adults [4-6]. In adults, it S 
was shown that most patients had changed their first regimen after 4 years of HAART 3 
because of virologie failure and the availability of alternative drug regimens. In adults 1()  

a continued increase in CD4+ T cell count was seen in patients experiencing sustained — 
virologie suppression [7,8], However, one can not extrapolate results in adults to children, ^ 
because of differences in immunity (e.g., the immaturity of the immune system and larger £ 
thymic output); in pharmacokinetics and pharmacodynamics of antiretroviral drugs in 
infants and children; and, most important, in formulation, availability of drugs and strict > 
adherence to therapy. Studies have shown that the age-adjusted CD4+ T-cell numbers |5 
increase in infants and children, especially in the more immunocompromised ones, even -. 
when failing in viral suppression [9]. Despite reasonably good virologie response rates Q. 
at 48 and 96 weeks of HAART, data from several pediatric studies have shown that the a. 
virologie response in children is less prominent compared to adults [1,3,9-14]. a 

Infants and children often start antiretroviral therapy at very young ages and have to 
use their medication lifelong. Hence, there is an urgent need for more long-term data on 
virologie, immunologic and clinical response to HAART in children. The rationale for 
this study was to evaluate the long-term virologie, immunologic and clinical, especially 
growth, effectiveness and safety of a combination antiretroviral therapy that contains 
nelfinavir, lamivudine and stavudine in children who were included in the Pediatric 
Amsterdam Cohort on HIV (PEACH). 

Methods 

Patients 
The PEACH was established in 1997 when antiretroviral therapy became available for 
children. Current American and European treatment guidelines for HIV-1 infection in 
children recommend the use of 2 nucleoside reverse transcriptase inhibitors (NRTIs) in 
combination with either a protease inhibitor (PI) or a non-nucleoside reverse transcriptase 
inhibitor (NNRTI) [15,16]. According to the history of antiretroviral therapy, some 
children in PEACH had initially been treated with azidothymidine (AZT), followed by 
AZT combined with dideoxyinosine (ddl) or dideoxycytidine (ddC), until the introduction 
of nelfinavir (NFV) as the first PI available for children. Because of the previous use of 
certain NRTIs, NFV was combined with stavudine (d4T) plus lamivudine (3TC). 

Between September 1997 and January 2005, a prospective, observational study was 
performed. Inclusion took place until January 2002. Untill then, of the 48 children in 



_= 

follow-up, 39 children were included in the study using the NFV-containing treatment 
regimen. HIV-1-infected children were eligible, when they were aged 3 months to 18 
years, and had a plasma viral load (pVL) of > 5000 copies/mL (mean of 2 measurements 
in < 4 weeks) and/or CD4+ T cell counts < 1750/u.L for those who were younger than 
1 year, < 1000/[iL for those who were 1 and 2 years, < 750/jxL for those who were 3 
and 6 years, and < 500/u.L for those who were older than 6 years. Previous exposure 
to AZT, ddC or ddl was allowed. There were no restrictions with regard to ethnicity, 
gender, route of HIV acquisition, or disease stage. Nine children were excluded, because 
thev did not meet the inclusion criteria. Five were immunologically stable and did not 

~~ 20 start any antiretroviral therapy. Four children in the cohort started another regimen 
U during the inclusion period. The Medical Ethical Committee of our institute approved 

the protocol. Parents or caregivers gave written informed consent. 
c 

h Medication 
pi 

Patients received d4T (1 mg/kg twice daily as oral solution or capsules) plus 3TC (4 mg/ 
X kg twice daily as liquid formulation or tablets) plus NFV (30 mg/kg three times daily or 

45 mg/kg twice daily as pediatric formulation (50 mg NFV per gram of powder or as 
^ tablets)) [17]. Children who were able to swallow capsules received the NFV tablets and 

smaller children were using the NFV powder dissolved in water or milk or crunched 
tablets in some custard. Dosage adjustments were performed according to the weight of 
the children and, in case of NFV, consecutive plasma levels. It was recommended that 
the children take their regimen with food. 

Protocol 
At each visit physical examination was performed, including weight, length and head 
circumference measurements. The same 2 physicians clinically diagnosed lipodystrophy 
during the study. Independent scorings were made and were considered clinically evident 
when both agreed. Blood was drawn before; at 1 and 2 weeks; and 1, 2 and 3 months 
after initiation of HAART and every 3 to 4 months thereafter. At each visit NFV levels 
were analyzed to adjust dosing when necessary. 

Lymphocyte subsets were analyzed with the FACScan (Becton Dickenson Immuno-
cytometry Systems, San Jose, CA, USA). Age correction for CD4+ and CD8+ T cells was 
done by dividing the counts by the mean of an age matched healthy control group [18]. 

From 1997 to 2000 pVL was routinely measured using NucliSens HIV-1 QT (bioMérieux, 
Boxtel, the Netherlands) with a lower limit of quantification (LLQ) of 400 copies/mL. 
From 2001-2005 pVL was measured using Versant HIV-1 bDNA 3.0 (Bayer, Mijdrecht, 
the Netherlands) with a LLQ of 50 copies/mL (input 1 mL of plasma). 

Virologie failure was defined as tw:o consecutive pVL > 1,000 copies/mL after a pVL 
< 400 copies/mL. Patients who never reached a pVL < 400 copies/mL, were defined 
as failing at the first measurement that was higher than the previous one after an initial 
decline in pVL (pVL nadir). 
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Adverse events were recorded during the study period and defined as any clinical sign 
or symptom or meaningful laboratory test abnormality that was possibly or probably 
related to the study medication, excluding HI V-related disorders. The National Institute 
of Allergy and Infectious Diseases (Division of AIDS) toxicity table was used for grading 
severity of pediatric adverse events. Parents were asked for the presence of anamnestic 
adverse events at every visit. 

We analyzed the growth of the children by means of the ^ scores (standard normal 
deviation) of weight and height. These scores were calculated with the use of the Growth 
Ynalyser 2.0 software (Dutch growth foundation, Rotterdam, the Netherlands) using 21 
Dutch reference values. 

statistics 
The primary outcome measure was virologie failure-free survival, which was assessed 
using Kaplan-Meier analysis. Censoring was applied when the last patient visit or a 
switch to a simplified regimen occurred before virologie failure. The secondary outcome H 
measures were factors that were associated with virologie failure, changes in CD4+ and 
CD8+ T cells over time, changes in growth parameters (weight, height) over time and 
reported adverse events. The mean age-adjusted CD4+, CD8+ T cells (age correction for 
'~D4+ and CD8+ T cells was done by dividing the counts by the mean of an age-matched 
healthy control group [18]), and height and weight £ scores were modeled using a mixed 
model that incorporated repeated measurements. This model handles missing data 
adequately by estimating the outcome given a specific covariate structure. The estimates 
of a specific level of the fixed effects were modeled using the 'first order autoregressive' 
approach. Differences in these estimates between different levels of the variable were 
tested for significance using t statistics. Success or failure of treatment after 24 weeks 
was added to all models as a time-dependent variable. Where subgroups of patients 
are compared, the differences between groups were evaluated using the Fisher's exact 
test for categorical data and the Kruskal Wallis test for continuous data. All statistical 
analyses were performed using SPSS for Windows version 11.5 (SPSS, Chicago, II). A 
2-sided p-value < 0.05 was considered statistically significant. 

Results 

All 39 HI V-l -infected children who started antiretroviral treatment with d4T, 3TC, and 
N'FV between September 1997 and January 2002 were included in the present analyses. 
Baseline characteristics are shown in Table 1. Sixteen (41%) children had been pre-treated 
with 1 or 2 NRTIs (AZT, ddl, or ddC) for a median of 179 weeks before to enrollment 
(interquartile range (IQR) 104 - 310 weeks). The median age of the children at baseline 
was 4.7 years (IQR: 1.1 - 8.8 years). Thirty-four (87 %) children acquired HIV infection 
perinatally from their HIV-1-infected mother, 16 (41%) children presented with CDC-
C classified AIDS defining symptoms. The majority of the children (69%) was black 
(African/Surinamese), whereas 18% was Caucasian, 10% were mixed/Caribbean, and 



Table 1: Baseline characteristics of children starting with NFV-containing regimen and comparison between 
pretreated and antiretroviral naive children 

Total Naive Pre-treated 

Number of patients 39 23 16 
Female 21 (54%) 12 9 

CM 

Age, yrs' 

CDC- C2 

4.7 (1.1- 8.8) 

16 (41%) 

4.3 (0.8-7.1) 

11 

5.3 (2.7- 8.8) 

5 
(D Route of transmission: 
C-

u 
22 

MTCT3 

sexual 
Race 

34 (87%) 

5 (13%) 

20 

4 

14 

1 

2 
black 

non black 

27 (69%) 

12 (31%) 

17 

7 

10 

5 
U 

'è 
< 
< 
X 

s 

Duration pretreatment median, 

wks (IQR) 

C D 4 + T cells, abs per [iL14 

CD4+ T cells, %' 

C D 4 + T cells, age 

adjustedl 

470 (140 -850) 

17 (11- 23) 

0.33 (0.08-0.51) 

0 

550 (180-1010) 

20 (13-30) 

0.35 (0.17- 0.52) 

179 (104-310) 

440 (50- 700) 

15 (3-19) 

0.32 (0.04-0.5) 

c 
0 

CD8+ T cells, abs per uL' 

CD8+ T cells, %' 

C D 8 + T cells, age 

adjusted' 

1230 (750-1980) 

50 (32- 61) 

1.21 (0.81-1.94) 

1270 (800-1970) 

50 (33- 63) 

1.17 (0.83-1.94) 

1230(380-2230) 

49 (29- 60) 

1.38(0.35-2.46) 

IllY-1-RNA log copies/ml.' 4.9 (4.4-5.4) 5.0 (4.5-5.8) 4.8 (4.4 - 4.9) 
Height—for-age' -1.08 (-2.26--0.58) -0.87 (-2.26 - -0.58) -1.42 (-2.34--0.36) 
Weight-for-height' -0.28 (-0.99 - +0.48) -0.47 (-0.96 - +0.45) 0.19 (-1.39-+0.77) 
1 median, interquartiles between brackets (IQR), 2 CDC-C: HIV pediatric Classification by the 
Centers for Disease Control and Prevention. MMWR 1994;43:1-19, 3 MTCT: mother to child 
transmission, 4 C D 4 + T cells, abs per u.1: absolute numbers of C D 4 + T cells per ju.1 

Table 2. Number of patients on HAART, virologie response and failure, reasons to stop and 
lipodystrophy. 

Weeks after start 0 24 48 72 96 144 192 240 288 336 

Years after start 1 2 3 4 5 6 7 

A. Number of children on treatment 39 38 34 32 30 27 22 18 8 5 
Nr on HAART with success 32 26 22 19 14 11 10 5 2 
Nr on II AART after failure 6 8 10 11 13 11 8 3 3 

B. Reason to stop: 

Virologie failure- 1 1 1 5 2 5 1 
Lost to follow-up 3 
Grade 3 or 4 toxicity 1 1 
Switch therapy' 2 1 1 
Intolerance 1 

C. Lipodystrophy 1 2 3 5 

while undetectable, simplification 



3% was Asian. The children were on study medication for a median duration of 185 
weeks (IQR 69.5 - 264.9 weeks). 

The study medication had to be discontinued in 26 (69%) children during the follow-
up for the following reasons: virologie failure (16), major toxicity (2; diabetes mellitus 
and high cholesterol, both with complete recovery), poor palatability and refusal (1), 
and switch because of simplification of therapy (4). Although routinely assessed, other 
grades 3-4 toxicity adverse events were not reported. Three were lost to follow-up. 
One child initially started with the study medication but nevirapine was added to the 
regimen, because of a very high pVL (> 5xl06 copies/mL), but once H1V-RNA reached 
undetectable levels, NFV was stopped after 20 weeks. 

Virology 
At baseline, the median pVL for the whole group was 4.9 log1(| copies/mL (IQR 4.4 - 5.4 
copies/mL). There was no significant difference between the naive and pre-treated patient 
groups. The median time to reach undetectable pVL was 7.6 weeks (IQR: 2.2-12.6). 

n 
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Of the patients for whom therapy failed study medication was discontinued at any time 
during the follow-up of 240 weeks (n=29), 7 never had a pVL below the LLQ. These 
were young (median age 0.7 years (IQR 0.3-1.0)). Of the remaining 32 children (median 
age 5.3 (IQR 3.0-9.4)) in this observational cohort, 22 showed a rebound of their pVL 
after having had a period of viral suppression below the LLQ. Eight of 22 patients wh 
pVL had become undetectable during treatment but were subsequently failing, did 
the first year of therapy (Table 2). Children who experienced virologie failure at 48 and 

ose 
so in 

| 1.0 
iE 
U 

I -8 
c 

a. 

Weeks since start HAART 

of patients at risk 

0.0 

39 

48 96 144 192 

Weeks since start HAART 

48 96 144 192 

240 

240 

26 19 10 

Figure 1. Kaplan-Meier survival analysis of time to virologie failure. Number of patients at risk at start 
and after 1, 2, 3, 4 and 5 years are indicated. Censoring was applied if the last patient visit or a switch to a 
simplified regimen occurred before virologie failure. 
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Figure 2A. 
Age-adjusted CD4+ T-cell count during 240 
weeks follow-up on HAART. Follow-up of all 
patients during treatment with NFV-containing 
regimen. In the insert, a comparison is shown 
between children with undetectable pVL and 
children that failed on therapy. No difference over 
time was found between the groups. Interaction 
term (time*virologic success), p=0.9. Bars indicate 
standard errors of the mean. 

Figure 2B. 
Age-adjusted CD8+ T-cell count during 240 
weeks follow-up on HAART. 
Follow-up of all patients during treatment with 
NFV-containing regimen. In the insert, a comparison 
is shown between children with undetectable pVL 
and children that failed on therapy. No difference 
over time was found between the groups. Interaction 
term (time*virologic success), p=0.9. Bars indicate 
standard errors of the mean. 

0 24 48 72 96 120 144 168 192 216 240 

Weeks since start HAART 

-1 -> 

0 24 48 72 96 120 144 168 192 216 240 

Weeks since start HAART 

Figure 3A 
Height-for-age z scores during 240 weeks follow-
up on HAART. 
Z scores were calculated for each measurement of 
height according to age and gender using the 1997 
Dutch reference curves. Follow-up of all patients 
during treatment with NFV-containing regimen. In 
the insert, a comparison is shown between children 
with undetectable pVL and children that failed on 
therapy. No difference over time was found between 
the groups. Interaction term (time*virologic success), 
p=0.5. Bars indicate standard errors of the mean. 

Figure 3B 
Weight-for-height /. scores during 240 weeks 
follow-up on HAART. Z scores were calculated 
for each measurement of height according to age 
and gender using the 1997 Dutch reference curves. 
Follow-up of all patients during treatment with 
NFV-containing regimen. In the insert, a comparison 
is shown between children with undetectable pVi
and children that failed on therapy. No difference 
over time was found between the groups. Interaction 
term (time*virologic success), p=0.6. Bars indicate 
standard errors of the mean. 
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96 weeks on HAART after an initial period of successful virologie suppression, were 
vounger at the start of HAART compared with those without virologie failure (median 
11.8 vs. 5.3 years (p=0.003), at 48 weeks and 1.0 vs. 4.8 years at 96 weeks (p=0.098)). 
Sixteen children with virologie failure continued study medication after failure occurred 
for a median period of 3.3 years (range 0.3 - 6.5 years). Reasons to continue the failing 
antiretroviral regimen were the presence of stable CD4+ T cell counts and a stable 
clinical condition without any deterioration. All patients had stopped trimethoprim-
sulfamethoxazole prophylaxis. These children had developed antiretroviral drug 
resistance mutations and alternative drugs were not available at that time. Later, 
appropriate switches to second-line HAART regimens could be made successfully. 25 

Immuno logy 
At baseline, the median CD4+ T cell count for the total study population was 470/u.L 
(IQR: 140 - 850/u.L) and adjusted for age 0.33 (IQR: 0.08 - 0.51). In relative terms SC 
to the total number of lymphocytes, the CD4+ T cell percentage was 17% (IQR: 11 -
23). The baseline CD4+ T cell percentage was significantly lower in children who were 
pre-treated (15%), compared to children who had not received previous antiretroviral 3 

medication (20%). The median CD8+ T cell counts for the total study population was =L 
1230/u.L (IQR: 750 - 1980/uL) and adjusted for age 1.2 (IQR 0.8 - 1.9). | 

The median age-adjusted CD4+ T cell counts demonstrated an increase in the first 48 
weeks of treatment (Fig. 2A), which was similar for the children who had a virologie 
failure and those who had not (p=0.95; Fig 2A, insert). The age-adjusted absolute CD8+ 

T cell counts and the CD8+ T cell percentage demonstrated a slight but non-significant 
decrease in the total study population as well as in the subgroups based on virologie 
response (Fig. 2B). 

J isease progression and toxicity 
Nlone of the children developed an AIDS-defining illness or died while on study 
medication. Clinically evident lipodystrophy was seen in 11 (28%) children after a 
median of 49 months (range 10 - 83): 9 with lipoatrophy; 2 in combination with an 
adipose trunk (1 of these 2 was pretreated extensively for 305 weeks and developed 
lipodystrophy within the first year of HAART) and 2 in combination with a buffalo 
hump; of 2 additional children out of the 11, 1 with a solitary adipose trunk and 1 with a 
solitary buffalo hump. In 2 of these 11 children pVL stayed undetectable for 7 years; the 
others failed due to nonadherence. 

Growth and development 
Growth parameters are shown in Figure 3A and B. The median height-for-age £ score at 
baseline for the total study population was -1.08 (IQR -2.26 - —0.58), and the median 
weight-for-height ^ score was -0.28 (IQR -0.99 - 0.48). There were no statistically 
significant differences between naive and pre-treated children at baseline. 

After the first year of HAART, the height-for-age % scores gradually increased to a 
nlateau but never reached the mean of the general mixed Dutch population, which by 
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definition is 0 (Fig. 3A). Height-for-age was significantly higher than baseline from week 
96 onward. In the first year of HAART, there was a remarkable increase in weight-
for-height ^ scores. The increase was mainly seen in the first 24 weeks after the start 
of HAART from median -0.3 to 0.5 (Fig. 3B). Comparing virologie responders and 
nonresponders during follow-up, we did not observe significant differences in height-
for-age ^ score and weight-for-height ^ scores with regard to baseline results over time 
(p=0.50, p=0.57, respectively). 

Discussion 

We demonstrated in the present analyses that a NFV-containing regimen for up to 7 
years is feasible and effective to some extent. Of the 39 included patients, 18 were on the 
initial regimen after a follow-up of 240 (~ 5 years) and 5 after 336 weeks (~ 7 years). The 
virologie failure-free survival rate at 5 years of follow-up was 54%. All children showed 
an adequate increase in CD4+ T cells, regardless of virologie failure. The frequency of 
reported grade 3 to 4 adverse events was low. After start of HAART, the growth of 

c' these children slowly but progressively improved. 

The reported virologie response rate did not differ from other studies in children [9-
12,19-22]. Studies on NFV in combination with 2NRTIs have shown viral response rates 
(intention-to-treat) of 69% at < 400 and 44% at < 50 copies/mL, and, when combined 
with an additional NNRTI, ~ 80% at < 400 and 63% at < 50 copies/mL after 48 weeks, 
respectively [10,11,22]. Our study population is small (n=39) but the follow-up of this 
cohort using NFV-containing HAART, is over an extended period of time 

Children with virologie failure at 48 and 96 weeks were younger at the start of HAART 
The relation between virologie failure and age at start of HAART was reported earlier 
by Walker et al [13]. One explanation could be that younger children were initially dosed 
for NFV according to the manufacturer's instructions, which turned out to be too low 
[17,23,24]. However, drug levels in these young children were not very-low-to-absent 
and recent data from the 2NN study group in adults suggest that drug levels in therapy-
adherent patients have a poor sensitivity to predict virologie failure [25]. This may hold 
true for pediatric cohorts as well. A recent analysis indeed demonstrated early viral 
decay rates in HIV-infected children starting with HAART with a median of 2.1 days 
(1QR 1.8 - 3.0), similar to adults [26]. Importantly, there was no difference in baseline 
pVL between the treatment-naive and pretreated children. This makes a biological basis 
for the relation between age and virologie failure unlikely and makes non-adherence 
probable as an explanation for virologie failure at very early age. 

Immune reconstitution occurred irrespective of virologie response, indicating that HIV-
l-infected children have a greater capacity to sustain lymphocyte numbers compared to 
adults, even in the presence of virologie failure. Studies in adults have demonstrated that 
restoration of functional immunity correlated with increases in the number of naive T 
cells, reflecting a critical role of the thymus [27]. Because of an intact thymus, children 
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have a greater capacity to restore immunity as indicated by their rapid CD4+ T cell 
recovery upon initiation of HAART [28,29], 

At baseline, there was no significant difference in growth-related parameters (height-
tor-age, weight-for-age, and weight-for-height) between naive and pretreated children. 
Whereas Chantry et al. demonstrated the short-term beneficial effect of NRTIs on 
height, weight and head circumference [30], in our cohort the pre-treated children had 
not profited in this respect from the previous use of antiretroviral therapy. In the first "3 
vear on HAART, there was a remarkable increase in weight-for-height £ score. to 

27 

With respect to toxicity, only 2 patients had to stop the study medication because 
of adverse events (diabetes and high cholesterol). However, long-term follow-up " 
demonstrated a high prevalence of lipodystrophy, especially in those children with longer 
use of the study medication, as was recently reported in children by Sanchez Torres et al X 
as well [31]. We already observed clinically evident lipodystrophy in 8 of the 11 children > 
after 4 years of therapy only. Although more objective measures for body composition H 
and lipodystrophy are warranted, the rapid increase in weight-for-height ^ scores within 
24 weeks makes an early development of lipodystrophy unlikely and suggests possible 
drug-related effects at a different level. Further studies have to investigate whether an 
altered metabolism or energy expenditure may explain our finding in pediatric patients, 
is recently suggested by a study of Pis on protein catabolism [32,33]. HIV infection 
may interfere with sexual maturation and the onset of puberty [34]. This could influence 
especially the growth velocity. However, in our cohort, the median age at start of 
HAART was 4.7 }<-ears (IQR 1.1 - 8.8); leaving out the oldest quartile from the analysis, 
similar growth parameters were obtained (data not shown). Although the contribution 
if d4T to the development of lipodystrophy is not yet clearly proved, we have to consider 

that the combined use of d4T and NFV may have played an important role in the high 
prevalence of lipodystrophy in our cohort. 

HIV itself and endocrinologie and immunologic factors in combination with social 
environment all may contribute to the growth-related phenomenon [31,34-36]. No 
'élevant alteration in endocrinologie parameters was found in prior studies [35]. 

Protease-containing regimens have demonstrated a more profound effect on growth, 
especially in children who reached undetectable pVL and in those with advanced disease 
at baseline [37-40]. Growth was independent of virologie success in our cohort. 

lonclusions 

have demonstrated that a NFV-based HAART regimen can be given safely over 
a long period of almost 7 years. Although the criteria of when to start HAART have 
changed over time [15,16], the clinical implications of our findings on a strong association 
between young age and virologie failure are important. In the light of our data and 
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recent discussion on clinical practice and regimen switches [41,42], when to start with 

H A A R T in young children remains unclear and may be reconsidered. 

Given the high virologie failure rate at young age observed in our cohort and the rather 

high prevalence of lipodystrophy, one should address questions about adherence, long-

term exposure to HAART, and side effects when considering early initiation of H A A R T 

in children. Once treatment has been decided upon, it needs to be investigated whether 

there is a role for directly observed therapy to improve and guarantee both adherence 

and virologie success. 
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Summary 

Background: In order to improve compliance and virologie suppression we assessed the 

feasibility and effectiveness of a once-daily regimen of efavirenz with three nucleoside 

reverse transcriptase inhibitors (NRTIs) as 1st- and 2nd-line H A A R T in a cohort of HIV-

1-infected children. 

Methods: HIV-1-infected children naive for efavirenz were treated with a combination 

of efavirenz with abacavir, didanosine (ddl), and lamivudine (3TC) as 1st- or 2nd-line 

H A A R T in an observational, prospective, single-center study. Virologie failure-free 

survival was assessed by Kaplan-Meier analysis. The increase in C D 4 + T cells was 

estimated with a generalized linear model incorporating repeated measurements. 

S Findings: Thirty-six children were on study medication for a median of 66 weeks (IQR: 

39-118 weeks). Virologie failure-free survival rates were 76% and 67% after 48 weeks 

and 96 weeks respectively. N o significant difference was found in efficacy between 1st-

and 2nd-lme H A A R T (p=0.7). All children on H A A R T showed a sustained C D 4 + T cell 

increase, irrespective of virologie suppression. Growth rates improved under H A A R T 

0 In 14 children study medication was stopped, mostly because of non-adherence (4) 

or virologie rebound (5) and in 2 patients because of adverse events (unrelated death, 

grade-2 liver toxicity). Lipid abnormalities or abacavir-related hypersensitivity reactions 

were not observed. 

Interpretation: For the first time in HIV-1 infected children, once-daily H A A R T is 

demonstrated to be a safe, convenient and potent antiretroviral regimen. 



Introduction 

Since HAART became the standard of treatment for HIV-1-infected children, morbidity 
and mortality have declined significant!)' [1,2]. However, with the long-term use of 
HAART the limitations are becoming apparent. 

Recommended as initial therapy are the combination of two nucleoside analogue 
r crse-transcriptase inhibitors (NRTI) with either one protease inhibitor (PI), or one 
r i-nucleoside reverse transcriptase inhibitor (NNRTI) [3,4]. Regarding effectiveness, ^ 
any protease-inhibitor (Pl)-containing first-line HAART in children seems efficacious 
after 2 years in 42 to 87% of the children [5-7]. » 

X 
A Pi-containing regimen may have the potential for development of blood lipid 
d urbances and lipodystrophy, as we and others have observed [8-10]. The disfiguring 
appearance of lipodystrophy can also negatively influence the patients' compliance to Ç 
H \ART Alternatively, Pi-sparing regimens in adults using efavirenz combined with 

NRTIs showed a virologie response of 70% of treated individuals having HIV 9-
\ < 400 copies/mL at 48 weeks [11]. In HIV-1 infected children, it was shown 

u substitution of a PI by efavirenz resulted in the maintenance of virologie control p 
n 17 children in whom HIV-1 was well suppressed [12]. A positive effect on the lipid 

p »file was seen in this patient population. Therefore, efavirenz appears to be a suitable 
alternative to Pis. However, data regarding its use in once-daily regimens in children has 
not been described before. 

\ meta-analysis of virologie outcome data from clinical trials of various HAART 
- imcns found a significant correlation between lower pill burden and treatment 
fficacy in adult patients [13]. In a pediatric population, compliance can be additionally 
ompromised due to the patient's young age, poor palatability of the medications, and 

dependence on their caregivers. A once-daily regimen was therefore preferred. 

According to the history of antiretroviral therapy, some children in our cohort 
lad initially been treated with zidovudine, followed by zidovudine combined with 
iidanosine (ddl) or zalcitabine (ddC), until the introduction of nelfinavir as the first PI 
available for children. Considering the high plasma HIV-1 RNA load (pVL) observed 
n voung children compared to those in adults [14-16], a robust regimen was assumed 
to he required to avoid the early occurrence of new mutations in the viral reverse-

anscriptase (RT) gene associated with resistance against antiretroviral drugs [17]. A 
duo-class regimen with four drugs containing abacavir was reported to be successful 

8,19]. Thus, to increase compliance and virologie success rates we commenced a once-
11AART regimen containing efavirenz and 3 NRTIs (i.e. abacavir, ddl and 3TC), 

and describe its safety, tolerabilitv and effectiveness in HIV-1 infected children for up 



Methods 

Patients 
Between January 2002 and August 2005 a prospective, observational study was 
performed. HIV-1-infected children were eligible, when they were aged 3 months to 

<̂  18 years, and had a CD4+ T cell counts < 1750/uL for those who were younger than 1 
year, < 1000/u.L for those who were between 1 and 2 years, < 750/u.L for those wh< i 

JË were between 3 and 6 years, and < 500/u.L for those who were older than 6 years. 
- 14 Prior exposure to antiretroviral regimens was allowed. Exclusion-criteria consisted 

c of the presence of resistance-associated mutations to efavirenz or to two or more oi 
•v the NRT1 study drugs used upon the commencement of the once-daily treatment 
"S regimen, pregnancy and HLA-typing unfavorable with respect to abacavir use [20]. No 

restrictions were made with regard to ethnicitv, gender, route of HIV acquisition or 
— disease stage. The Medical Ethical Committee of our institute approved the protocol. 
< Parents or caregivers gave written informed consent. 

^ Medication 
u Patients received efavirenz, abacavir, ddl and 3TC. Dosage adjustments were performed 
^ according to the weight of the children and, in case of efavirenz, consecutive plasm-., 

levels (to establish a trough level above 1 mg/L, which is considered a target value 
for virologie success in adults [21] and children [Crommentuijn, Scherpbier, Huitema, 
Kuijpers, Beijne; in preparation]). It was recommended that the children take their 
regimen with food. When taken as solution for the optimal treatment of small children 
in our cohort, ddl was prepared with the acid-binding magnesium hydroxide, according 
to the prescription of the manufacturer. 

Compliance 
The children's guardians were counseled on the importance of treatment compliance. 
Where appropriate, the children were also counseled accordingly. Members of the 
treatment team monitored compliance bv telephoning the guardians soon after the 
regimen was started and at each follow-up clinic visit. 

Procedures 
At each visit physical examination was performed including weight, length and head 
circumference measurements. Blood was drawn prior to, and at 1 and 2 weeks and 1, 2 
and 3 months after initiation of H AART, and every 3 to 4 months thereafter. Lymphocyte 
subsets were analyzed using FACScan (Becton Dickinson, San Jose, CA, USA). Plasma 
viral load (pVL) was measured using Versant HIV-1 bDNA 3.0 (Bayer, Mijdrecht, th< 
Netherlands) with a LLQ of 50 copies/mL (input 1 mL of plasma). Virologie failure was 
defined as two consecutive pVL > 50 copies/mL. Patients who never reached a pVL < 
50 copies/mL, were failing at the 1st measurement that was higher than the previous one 
after initial decline in pVL. 

Nucleotide sequence analvsis of the HIV-1 protease and RT genes was performed at 
baseline and upon virologie failure. Sequence analyses were performed using the Viroseq 



i growth parameters (weight, height) over time, reported adverse events and the 
occurrence of resistance mutations. Age-adjusted CD4+ and CD8+ T cell ratios were 
calculated by dividing the counts by the mean of an age-matched healthy control group 

!2]. Growth of the children was analyzed by means of the z scores (standard normal 
ation) of height and length. These scores were calculated with the use of the Growth 

Analyser 2.0 software (Dutch Growth Foundation, Rotterdam, the Netherlands) using 
Di itch reference values. Age-adjusted CD4+ and CD8+ T cell ratios and height and weight 
z scores were modeled using a mixed model incorporating repeated measurements. 

his model handles missing data adequately by estimating the outcome given a specific 
date structure. The estimates of a specific level of the fixed effects were modeled 

using the 'first order autoregressive' approach. Differences in these estimates between 
different levels of the variable were tested for significance using the t-statistic. Where 
ubgroups of patients are compared, the differences between groups were evaluated 

ig the Fisher's exact test for categorical data and the Kruskal Wallis test for continuous 
data. All statistical analyses were performed using SPSS for Windows version 11.5 (SPSS 

iiicago). A two-sided p-value < 0.05 was considered statistically significant. 

Results 

Patients 
11 36 HIV-1-infected children who started a once daily antiretroviral regimen with 

irenz between January 2002 and August 2005 were included in the present analyses. 
^ntiretroviral-naive, as well as pre-treated HIV-1-infected children were included. 

iity-three children (64%) had been on HAART for a median 259 weeks prior to 
nrolment (Inter-quartile range (IQR) 104 - 310 weeks). Of these children 10 were also 
e-treated with mono/duo NRTI therapy for a median of 134 weeks prior to the start 

with HAART 

n 

H '1 genotyping kit version 2 (Abbott laboratories, IL, USA). Resistance conferring 
mutations were screened as described by the International AIDS Society-USA [www. 
iasusa.org]. 

Adverse events were recorded during the study period and defined as any clinical sign or 
ptom, or meaningful laboratory test abnormality, possibly or probably related to the 

study medication, excluding HIV-related disorders. The National Institute of Allergy 
and Infectious Diseases (NIAID / Division of AIDS) toxicity table was used for 
grading severity of pediatric adverse experiences. Parents were asked for the presence of OJ 
side effects at every visit. -**> 

O 
o 

Statistical analysis £. 
. p u 

The primary outcome was virologie failure-free survival, which was assessed using .— 
Kaplan-Meier analysis. Censoring was applied if the last patient visit or a switch to X 
another regimen occurred before virologie failure. The secondary outcome were factors 
associated with virologie failure, changes in CD4+ and CD8+ T cells over time, changes 

http://iasusa.org
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Baseline characteristics are shown in Table 1. The median age of the children at baseline 

was 6.6 years (IQR: 3.3 -10.7 years). Children naive to antiretroviral therapy were younger 

at baseline than children that received 2nd-line H A A R T (median 3.3 years (IQR: 1.7 -

9.9) vs 8.8 years (IQR: 5.2 - 11.5), p=0.04). Thirty-three children (92%) acquired HIV 

infection perinatale from their HIV-1-infected mother, 15 (42%) children presented 

with CDC-C classified AIDS defining symptoms. The majority of the children were 

black (African or Surinamese). The children were on study medication for a median 

duration of 69 weeks (IQR 39 - 122 weeks). 

Table 1: Baseline characteristics of children starting with the efavirenz-containing study regimen and 

comparison between 1st and 2nd line HAART 

Total 1st line HAART 2nd line HAART 

-fj Number of patients 36 14 22 

.5 Female 19 
H Age,yrs' 6.6(3.3-10.7) 3.3(1.7-9.9) 8.8(5.2-11.5) 

< CDC- C2 15 

X Vertical 34 

— ' Sexual 2 

-a Black 32 

| non-black 4 

3 CD4+ T cells, abs per [iL1 730(400-1050) 460(170-940) 860(600-1170) 

C D 4 + T cells, %' 26(16-37) 14(6-25) 31(25-38) 

C D 4 + T cells, age adjusted1 0.5(0.3-0.9) 0.3(0.1-0.5) 0.7(0.4-0.9) 

CDS+T cells, abs per piL1 1270(800-1910) 2060(790-3480) 1120(810-1400) 

C D 8 + T cells, %' 44(34-61) 58(38-72) 38(31-49) 

CD8+ T cells, age adjusted1 1.5(1.1-1.8) 1.9(1.2-2.9) 1.4(1.0-1.6) 

Total cholesterol, mmol/L 3.9(3.4-4.5) 3.4(3.1-3.6) 4.3(3.9-4.7) 

Tnglicerides, mmol/L 0.8(0.6-1.5) 1.2(0.8-1.7) 0.7(0.6-1.0) 

HIV-l-RNA.logcopies/mL1 3.6(2.4-4.7) 5.4(4.4-6.0) 2.5(2.4-3.5) 

Hetght-for-age1 -1.2 (-2.0--0.1) -1.9 (-3.0--1.3) -0 .5 (-1.4- 0.5) 

Weight-for-height' 0.6 (-0.5-1.2) 0.6 (-0.5-1.5) 0.5 (-0.5-1.0) 
1 median, interquarules between brackets (IQR), 2 Clinical categories as defined by the US Centers for Disease 

Control and Prevention (34). 

Virology 
At baseline, the median pVL for the whole group was 3.6 log copies/mL (IQR 2.4 - 4.7) 

Children that started the once-daily regimen as 2nd-line H A A R T had a significant!} 

lower pVL than children that started antiretroviral naive with the regimen (median 

2.5 vs. 5.4 log copies/mL, p<0.001). Twelve of 22 (55%) children that started 2nd-linc 

HAART were undetectable at switch of therapy. The virologie failure-free survival 

rates were 76% and 67%, after 48 and 96 weeks, respectively (Fig 1 A). Twelve childrei 

completed a follow-up of 96 weeks on study medication. Of the patients who failed on 

therapy or discontinued study medication at any time during the follow-up, 6 never had 

a pVL below the LLQ. Of the remaining 30 children in this observational cohort, A 

showed a rebound of their pVL after having had a period of viral suppression below thf 

LLQ after the initiation of study medication. The effect of prior H A A R T on virologie 

effectiveness was analyzed with a log rank test; there was no difference in virologie 

responders and non-responders (p = 0.7) (Fig IB). 
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Figure 1. A. Kaplan-Meier survival analysis of time to virologie failure. N u m b e r s of patients at risk at 

rt and after 1 year are indicated. Censoring was applied if the last patient visit or a switch to a simplified 

en occurred before virologie failure. 
B. \ o difference in virologie responders and non-responders was observed when children on 1 st-line (dotted 

aid children on 2nd-üne H A A R T (straight line) were analyzed in a multivariate Cox proport ional hazards 

model (p=0.7). 
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Reasons for treatment discontinuation 
auch- medication had to be discontinued in 14 (39%) children during follow-up for 

following reasons: 5 virologie failures with several new mutations, 4 reported non
compliances, 2 due to aversion to taste of the medication, 1 pregnancy, 1 serious adverse 

r (death) and 1 adverse event (grade-2 elevation in liver transaminases). The fatality 
occurred in a patient who experienced a severe electrolyte disturbance and lactate 
acidosis due to persistent diarrhea despite rapid virologie response to undetectable levels. 
In the opinion of the treating physicians this was not attributable to the study drugs. 

-Tsensitivity to abacavir was not seen. 



Table 2: Resistance mutations at baseline and after failt 

# Age' Naive2 HAART 3 Resistance mutations for R T 4 

Failures Prior to study medication On study medication 

1 2.6* N 

2 18.3* E 

3 14.9* E 

o 
c-
q 

38 
c 
tu m 

4 

5 

6 

7 

8 

9 

4.9* 
o 3** 

4.4* 

0.9* 

5.3** 

13.5** 

E 

E 

E 

N 

E 

E 

10 5.2** N 
u Resp jnders 

H 1 14.6 E 

< 
< 

— 
c 

c 

2 

3 

4 

5 

6 

7 

8 

1.4 

10.8 

5.9 

16.5 

3.7 

2.2 

3.4 

N 

E 

E 

E 

E 

E 

N 

9 9.2 E 

10 10.4 E 

11 9.7 E 

12 6.6 N 

13 18.9 E 

14 8.5 E 

15 3.1 E 

16 10.9 N 

17 15.1 N 

18 9.5 N 

19 1.8 N 

20 6.5 E 

21 2.6 N 

22 10.4 E 

23 7.9 E 

24 1.2 N 

25 3.3 N 

26 6.7 E 

181C, 230L 

ABC > TDF 179E 103N, 106A, 65R 

70R, 184V 103N 

184V 103N, 1081 

67N, 69N/D/A, 70R, 98S, 184V, 219Q 190E 

103N, 225H 

41L, 98S, 184V.215Y 103N, 188L, 74V 

70R, 184V 

67N, 69N, 70R, 181C, 184V 

184V, 21 OW, 215Y 

67N, 70R, 184V, 1791, 219Q 

184V 

184V 

106M, 65R, 751, 115F 

74V, 184V 

ABC > ATV/r 41L, 44D, 67N, 69D, 184V, 215Y 

ABC > TDF; 41L, 44A, 62V, 1181,184V, 210W, 215Y 
ddl > LP V/r 

67N, 70R, 101Q, 1791, 184V, 219Q 

184V 

184V 

69N 

41L, 62V, 184V, 21 OW, 215Y 

1 age in years, naive to treatment (N) or treatment experienced (E), 3 HAART study medication consisted o( 
ABC ddl, 3TC, and EFV; in some cases study medication was adapted using tenofovir (TDF), or ritonavir 
boosted lopinavir (LPV/r) or atazanavir (ATY/r),4 resistance mutations against the viral reverse transcriptase 
(RT) scored according to the International AIDS Society-USA [www.iasusa.org]. * Non-responder without 
viral suppression <50 copies/mL upon start of study medication, ** Rebound of pVL after viral suppression 
<50 copies/ml. upon start of study medication. 

http://www.iasusa.org


E d i s t ance muta t ions 
The RT gene from HIV-1 in plasma samples was sequenced from all 36 children. The 
HIV-1 strains in children failing to the study medication were scrutinized for the 
occurrence of additional critical mutations in the RT gene associated with NNRTI 
r< istance, efavirenz in particular (i.e., 1001, 103N, 106A/M, 1081, 181C/I, 190A/S, 
225H, 230L). One HAART-experienced boy had a 181C mutation at the start of the study 
regimen. His pVL became undetectable under study medication. In one child naive to 
antiretroviral drugs a 69N mutation in RT was found at baseline. Mutations associated 
with resistance to one or more NRTIs were detected in the group of children that had 
previously shown viral blips or had completely failed on their l^-line Pi-containing 
HAART regimen (Table 2). 
In a survival analysis, there was no significant difference in time to virologie failure in 
the patients with existing mutations at baseline compared to children without mutations 
at baseline (p=0.5). 

Immunology 
At baseline, the median CD4+ T cell count for the total study population was 730/[j.L 
(IQR: 400 - 1050) and age-adjusted CD4+ T cell ratio 0.5 (IQR: 0.3 - 0.9), the CD4+ T 
cell percentage was 26% (IQR: 16 - 37). The baseline age-adjusted CD4+ T cell ratio, 
absolute number, and percentage of CD4+ T cells were statistically significantly higher 
in children who started the regimen as 2nd-line HAART, compared to children who had 
not received previous antiretroviral medication (p=0.003, p=0.03, p<0.001, respectively) 
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(Table 1). The median CD8+ Tcell counts for the total study population was 1270/[j.L 
(IQR: 800 - 1910) and age-adjusted CD8+ T cell ratio was 1.5 (1.1 - 1.8). 

The median age-adjusted CD4+ T cell ratio demonstrated an increase during the 96 
weeks on treatment (Fig 2A). Children that started naive to antiretroviral therapy had 
a more profound increase compared to children on 2nd-line HAART (Fig 2B). This 
was due to a lower baseline CD4+ T cell count. The age-adjusted CD8+ T cell ratios 
demonstrated a slight but non-significant decrease in the total study population (Fig 2C) 
as well as in both subgroups based on pretreatment (Fig 2D). 

t Lipids 
Although there was a significantly lower total cholesterol in patients that started naive 
to antiretroviral therapy than in patients that started 2nd-line HAART (median 3.4 vs. 

b 4.3, p<0.001) all children were below the cut-off of 6.5 mmol/L (upper limit of the 
normal range). The same applied for triglycerides at baseline (median 1.1 vs.0.7 mmol/L, 

M p=0.04; normal levels <5.0 mmol/L). 
_>. 

During the treatment with HAART total cholesterol increased. However, in children 
S with 2 -line HAART total cholesterol remained stable. Children that started naive to 
O . . . , 

antiretroviral therapy showed an increase towards the values of the group with 2 -line 
HAART within the first weeks. Triglycerides did not change over time during treatment 
with the once-daily regimen. 

Growth and development 
Growth parameters are shown in Figure 3. The median height-for-age z-score at baseline 
for the total study population was —1.2, and the median weight-for-height z-score was 0.6. 
Children naive to antiretroviral therapy had a significantly lower height-for-age z-score 
than children on 2nd-line HAART (median z-score —1.9 vs. —0.5, p=0.001). The naive 
group showed a distinct increase in the first 48 weeks but did not reach the level of the 2nd 

line HAART group (Fig 3B). An increase in weight-for-age z-score was seen during 96 
weeks on treatment to almost normal (Fig 3C). Children with 2nd-line HAART showed a 
different pattern over time than children that started naive to antiretroviral drugs (Fig 3D . 
The children that started naive to antiretroviral therapy showed an increase in contrast to 
the children on 2 -line HAART, showing a higher baseline that remained stable. Weight-
for-height z-scores remained stable in both treatment groups (Fig 3E & F). 

Discussion 

We demonstrated for the first time virologie effectiveness, tolerability and safety of a 
once-daily HAART regimen in an HIV-1-infected pediatric cohort. Virologie failure 
free survival rates were 76% and 67% after 48 and 96 weeks respectively for all children 
with equal effectiveness of the study regimen when used as Is'- or 2 -line HAART 
(77% vs. 75% after 48 weeks). To date, the only pediatric report on efavirenz-containiiiL; 
I 1 \ ART is in l7 children with persistently suppressed pYL switching to efavirenz-
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comparison of children on 1st and 2nd line HAART. E . Weight-for-height z scores during 96 weeks follow-

up on HAART. F. A comparison of children on 1st and 2nd line HAART. Follow-up of all patients during 

lent with the study medication. Z scores were calculated for each measurement of height according to 

aj ind gender using the 1997 Dutch reference curves. Bars indicate standard errors of the mean. 

containing HAART for reasons of convenience and simplification [12]. Our treatment 
tien contained efavirenz and three NRTIs as the backbone and was administered 

to 36 children. A limited number of studies on once-daily regimens in treatment-naive 
adults have been reported up to 48 weeks, ranging from 50-78% virologie failure-free 
urvival [23-28]. The combination of tenofovir-ddl as the NRTI backbone seemed 

the least effective [26,27], despite good adherence as defined bv Medication Event 
Monitoring System (MEMScap) and plasma EFV concentration monitoring [27]. Our 
results in children favorably demonstrate the strong antiretroviral activity of the chosen 
once-dailv regimen (irrespective of prior treatment-experience). 
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Our efavirenz-containing once-daily regimen was well tolerated. Regarding safety and 
tolerability, we observed medication-related grade-2 toxicity in only one child consisting 
of a rise in blood liver enzymes. This is in concurrence with other reports in children 
[12,15,29]. The non-fasting lipids remained within normal ranges, although total 
cholesterol showed an increase during the first weeks in the naive group compared to 
the children that started 2nd-line HAART. In the 2NN study it was shown that the 
efavirenz-associated increase in total cholesterol was mainly due to HDL cholesterol 
[30]. One case with AIDS-related severe cachexia died due to persisting electrolyte 
disturbances in spite of very successful HIV-1 suppression. In 14 children the regimen 

42 was stopped despite good tolerability and simplification of intake compared to most of 
the previous regimens in children. Discontinuation had several reasons but mostly for 
reasons of virologie rebound due to assumed or self-reported non-compliance. 

h A latent viral reservoir may harbor viruses that are generated at various tirc^ 
throughout the life of perinatally infected children, including wild-type, drug-sensitive 
viruses transmitted from the mother and any drug-resistant viruses arising during 
nonsuppressive, (pre) HAART therapy [17]. Seventeen of the 22 receiving 2nd-lhv 

u HAART showed extensive RT mutations. In one child naive to antiretroviral drugs a 
69N mutation in RT was found at baseline. This mutation is associated with resistance 
to zidovudine, d4T and ddl. Most probably the virus was acquired from the mother, 
although the predominant virus population in the mother appeared to contain a 69S 
mutation in RT. The difference in amino acid at this position can be explained by viral 
evolution since the baseline sequences of mother and child were obtained 3.5 years 
after birth. One HAART-experienced boy had a 181C mutation at the start of the studv 
regimen. Although this mutation is associated with resistance to efavirenz, it has greater 
impact on the sensitivity to nevirapine [31]. With the addition of lopinavir/ritonavir to 
the study regimen a lasting virologie response was achieved. 

Apart from pre-existing mutations, the impact of adherence on the effectiveness of 
HAART must be seriously considered. Of the virologie failures, 2 patients previously 
treated with HAART without mutations reported non-adherence to the regimen by 
themselves. In most of the other virologie failures including the pregnant girl, efavirenz 
was repeatedly below the trough level of 1 mg/L even after dose adjustments, and hence 
suspected of non-compliance. In line herewith, critical NNRTl-associated resistance 
mutations were found in 7 of these 8 patients. Similar to Luzuriaga et al [32], we did 
not observe an association between pre-existing NRTI (or PI)-resistance mutations and 
success or failure of virologie control (p=0.5), suggesting that adherence may indeed be 
the most important factor of lasting virologie suppression in our cohort. 

The increase in CD4+ T cells was observed in both groups, although the rise in cell 
number was more profound in the group that started naive to antiretroviral therapv 
due to the lower baseline counts. As expected, the baseline age-adjusted CD4+ T cell 
ratio and absolute and relative CD4+ T cell counts were statistically significantly higher 
in children who started the regimen as 2nd-line HAART No severe clinical infections 
occurred during the study period in either group, irrespective of virologie failure. 



Y h respect to general growth and development, naive children showed an increase in 
hi ight-for-age z-scores but did not reach the level of the 2nd-line HAART group at 96 
weeks. 
In our cohort the children on lst-line HAART showed normalization of weight-for
age z-scores whereas the 2nd-line HAART group already had almost normal z-scores at 

. Nachman et al described similar findings in 192 clinically stable children, of which 
50% were pretreated with NRTIs but naive to the new HAART regimens [33]. Most of 
the 2nd-line HAART group in our study had used stavudine, lamivudine and nelfinavir 
as lst-line HAART for a median of 259 weeks. Almost 30% had developed clinically 
e\ ident lipodystrophy [10]. 
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The follow-up in the present once-daily study is too short to expect any effect on fat a 
distribution. Moreover, the number of naive children is small and total treatment follow-
up is relatively short to judge for any alteration in this respect. JL 

X 
> 

In conclusion, this is the first study of a once-daily HAART regimen containing 
rcnz-containing HAART in a pediatric cohort. Our study demonstrates virologie H 

and immunologic effectiveness, even in children that were HAART-experienced. We 
can conclude that the once-daily regimen used is a convenient, safe and robust regimen =j 
f children. Most children were antiretroviral drug-experienced but demonstrated 
equal effectiveness of the once-daily regimen compared to children on lst-line HAART 

use of the high pVL in young children [14-16] a robust regimen is required. A 
duo-class regimen with four drugs containing abacavir was considered more successful 
[18,19]. Simplification of the study regimen by stopping one of the NRTIs when the pVL 
is below the LLQ may be a possibility with similar outcome and efficacy. A considerable 
number of patients that stopped the treatment regimen admitted non-adherence or were 
suspected of incompliance because of low drug levels in consecutive blood samples, 
ir spective of the dose adjustments made. Further improvement of effectiveness of 
treatment can be reached in the future since once-daily regimens allow for various sorts 
of measures to support adherence (such as MEMScap or directly observed therapy), in 
larger well-designed studies on virologie outcome. 
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Abstract 

Background: After starting HAART, the plasma HIV-1 RNA (pVL) declines rapidly to 
undetectable levels in most treated adults and children. The viral dynamics in children 
are assumed to differ from those in adults. Therefore viral decay and time to reach 
pVL of < 400 copies/mL during the first weeks after starting HAART were studied in 
a cohort of HIV-1-infected children. 

4g Methods: Viral decay expressed as half-life and time to reach a pVL of < 400 copies/ml. 
H in 39 HIV-1 -infected children starting HAART were calculated and correlated with age, 

pretreatment with antiretroviral mono- or duo-therapy, and baseline pVL. 

X 

Results: Baseline pVL correlated with age (r= -0.41, p=0.01). Median half-life of the 
virus was 2.1 days (IQR 1.8-3.0). No correlation was found between the half-life of 
the virus and the baseline pVL at the start of treatment, antiretroviral pretreatment o 
age. Eight children did not reach a pVL of < 400 copies/mL with the first allocated 
medication regimen. These children were significantly younger than those in whom 
HIV was successfully suppressed (p=0.009). The remaining 31 children reached a pVL 

J . of < 400 copies/mL in a median of 8.1 weeks after the start of therapy; time to reach , 
> pVL of < 400 copies/mL was only correlated with baseline pVL. 
X 

Conclusions: These results suggest that pVL at baseline correlated with age. HAART was 
able to suppress pVL below the lower limit of detection in children with a viral decay 
rate of 2.1 days, similar to adults and irrespective of baseline pVL. 



I rtroductîon 

HIV-l infection in children progresses more rapidly compared to adults [1]. This is 

thought to be caused by the high plasma HIV-l RNA load (pVL) found in children and 

their immature immune system. The high pVLs in the very young (106 copies per ml and 

more) are assumed to be reminiscent of those determined in primary H I V infection in 

adults [2], However, the spontaneous decline in children is slower than in adults with 

primary HIV-l-infection [3-6]. These high pVLs are assumed to be a cause of a poorer 

response to H A A R T in children compared to adults [7,8]. 

The pVL is a predictor of disease progression in HIV-1-infected children before starting 

therapy [5,9,10]. The pVL is also one of the most important outcome measures during 

treatment with H A A R T in HIV-1-infected patients. 

Very little is known about the dynamics of HIV-l in children. A small study with 16 

cr ildren aged < 2 years showed that infants under the age of 3 months have a slower 

decline in pVL than children aged between 3 months and 2 years at the start of H A A R T 

[14]. The impact of age on H I V RNA response during H A A R T has been supported by 

the results of a large UK/ I r i sh collaborative study in 265 children [15]. However, viral 

v rates were not defined and a proper explanation for the altered HIV dynamics at 

young age still remains to be given. When these findings are indeed explained by an 

inherently reduced viral decay rate at young age, the clinical implications may be very 

important. It could mean that the moment to start H A A R T in young children should 

be reconsidered, if not strictly restricted to those in whom combination therapy is life 

lg. As a consequence of such unfavorable viral dynamics, H A A R T may result in the 

f development of antiretroviral drug resistance in a group of children for whom not 

that many drugs are as yet registered or available in a palatable drug formulation. 

To test whether the early viral dynamics after the start of first-line H A A R T indeed 

depend on age, we analyzed the first weeks after the start of H A A R T in a cohort of 

HIV-1-infected children. Baseline pVL, early viral half-life, and time to reach a pVL of 

400 copies/mL were studied in our prospective studies in HIV-1-infected children 

starting H A A R T at our center. 
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.''. deling changes in pVL after initiation of antiretroviral therapy has provided ° 

substantial insight in the dynamics of HIV-l in adults [11,12]. The decline of pVL after ÉJ 

the start of H A A R T can be best described by a two-phase model. An initial fast decline 3 

of more than 99% of pVL in the first weeks after start of therapy represents the decline 

in free viral particles. After the first few weeks, this is followed by a slower decline, X 

representing the elimination of long-lived HIV-infected cells [13]. > 



Methods 

Study design and subjects 
Data were obtained from the pediatric Amsterdam cohort on HIV-infection (PEACH). 
This is an ongoing prospective cohort of all children and young adolescents under the 

^ age of 18, infected with HIV-1 who are treated and followed at our institute. For the 
present study we selected 39 children who started HAART between 1997 and 2003 

jf of whom we could calculate viral dynamics, having at least two pVL measurements in 
^ the first 3 weeks after starting HAART First-line HAART in children consists of a 
;_ combination of two nucleoside-reverse transcriptase inhibitors (NRTI), with one non-

nucleoside-reverse transcriptase inhibitors (NNRTI) or a protease inhibitor (PI) [16] as 
< 
X 
a o 

-G 

-a 

in adults. 

The doses of the individual drugs given to the patients (Table 1) were as follows; the 
twice-daily regimen commonly used, consisted of: stavudine 1 mg/kg, lamivudine -1 
mg/kg, nelfmavir 45 mg/kg, each twice daily. In some cases, indinavir 800 mg/m /day, 
zidovudine 240 mg/m2/day, or lopinavir/ritonavir 800/200 mg were prescribed in two 

£ doses dailv. In case of nevirapine we started with 4 mg/kg once daily escalating to 7 
mg/kg twice daily after 14 days; in children older than 8 years we started with 4 mg/kg 

>> once daily escalating to 4 mg/kg twice daily. 

3 
Our once-daily regimen consisted of: abacavir 16 mg/kg, max 1 x 600 mg, lamivudine 
8 mg/kg, didanosine 200- 240 mg/m2, and efavirenz 14 mg/kg (max 600 mg/day), in 
one dose each day. 
Dose adjustments were performed according to the weight of the children and, in cast 
of nelfmavir [17] and of efavirenz (KML Crommentuijn, HJ Scherpbier, ADR Huitema. 
T\X' Kuijpers, JH Beijne; unpublished data), on consecutive plasma levels. 

Day curve drug evaluation of PI and efavirenz was done at day 1 of the regimen 
Subsequent evaluations of the drug levels were done with random samples at each visit 
None of the children needed dose adjustment based on plasma concentrations below the 
threshold during the first 3 weeks. Adherence support was intensified when problems 
with compliance were encountered either by drug levels or by interview. 

The Medical Ethical Committee approved the study. All caregivers gave written 
informed consent. For the present analyses only the first H A ART regimen of each chile 
was considered. 

pVL determination 
pVL was determined either using Nuclisens HIV-1 RNA QT (Biomérieux, Boxtel, thi. 
Netherlands) or Versant HIV-1 RNA 3.0 (Bayer, Tarrytown, NY, USA). All tests were 
performed according to the instructions (if the manufacturers. Due to a different lower 
limit of detection in the two assays, all pVL below 400 copies/mL were considered a> 
undetectable. 
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n 

\ lathematical model 
11 pVL measurements available from the first 3 weeks after start of HAART were 

included in the model. When a pVL was higher than the previous viral load, all further 
measurements were excluded in order to include only the patients that showed a 
\ irai decrease. When pVL dropped below the lower limit of detection, only the first 
measurement below the lower limit of detection was imputed as the lower limit of 
d ;tection. 

r* n 
hi 

1 he kinetics of plasma HIV-1 RNA during the first 3 weeks after the start of therapy __ •*-
were analyzed by a simple one-exponential model [18]: V(t) = V(()) * e _ 

\ here V = pVL, k = virus decay rate constant, and T is time (days) since start HAART. « 
For data fitting to the model the least-squared method was used [19]. The half-life .<-
elimination of pVL was calculated as follows: T1/2 = Ln 2/k. g 

n' 
m 

i atistical analyses 5 
Continuous data were analyzed using a Mann-Whitney U test. Categorical data were | 
c mpared with a Fisher's exact test. Analysis of time to reach undetectable pVL was 
p rformed using Kaplan-Meier survival estimates and differences between groups were 
tested using the log-rank test. The independent effects of age and baseline pVL were x 

analyzed in a multivariate Cox proportional hazards model. All p-values were two-
tailed. P-values < 0.05 were considered statistically significant. Statistical analyses were 
performed using SPSS for Windows version 11.5 (SPSS, Chicago, Illinois, USA). 

F esults 

I tient population 
Baseline characteristics of the patients are shown in Table 1. The median age was 4.4 

re, 19 (49%) were female, 14 (36%) presented with a Centers for Disease Control and 
Prevention (CDC) category C event [20], and 13 had been pretreated with mono- or 
c >-NRTI therapy before 1997. 

1 le 1. Patient baseline characteristics (n=39).  

mn age, years (IQR) 

Baseline plasma HIV-1 RNA, median log copies/ml. (IQR) 4.9 (4.6-6.0) 
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Figure 1. pVL at baseline and age. Baseline pVL 
negatively correlated with age (r= —0.41; p=0.01) in 
the total cohort (A), even when only the naive patients 
were taken into account (B)(r= —0.54; p=0.004). No 
correlation between age and baseline pVL was found in 
pre-treated children (C). Squares indicate patients that 
are treatment-naive; triangles indicate patients that are 
pretreated with mono- or duo-NRTI therapy. In Figure 
B. and C. a linear regression line is given. 

Until 2002, first-line treatment was 
a nelfinavir-containing regimen 
Thereafter a single-day efavirenz-
containing regimen was implementet; 
as first choice. In sum, 26 childrer 
were treated with nelfinavir, two with 
indinavir, one with the combinatioi 
lopinavir/ritonavir, and nine witi 
efavirenz, all combined with at leas 
two NRTI's. 

Baseline pVL 
Median pVL was 4.9 log copies/ml. 
(interquartile range (IQR), 4.6-6.0 log 
copies/mL) at the start of HAART 
Children pretreated with mono- r 
duo-NRTI before the start of HAART 
had a lower baseline pVL than those 
who were treatment-naive at start (5.4 
vs. 4.8 log copies/mL, p=0.07). 

Baseline pVL correlated negatively with 
age in the total cohort (r= —0.41, n=39: 
p=0.01) (Figure 1A), or when only the 
naive patients were taken into accouni 
(r= -0.54, n=26; p=0.004) (Figure IB) 
indicating that younger children had 
higher pVL. 

Viral dynamics 
Individual viral decay and half-life of 
pVL in the first 3 weeks after the start 
of therapy could be calculated by the 
least-squared mean method [19]. The 
time between the first and the las 
measurement during this period was 
2.0 weeks (IQR, 1.1-2.1 weeks). The 
median viral decay constant was 0.33 
(IQR, 0.23-0.39). Median half-life of 
the pVL was 2.1 days (IQR, 1.8-3.0). 
NRTI pretreatment did not influence 
the half-life of virus during subsequen; 
HAART treatment (pretreated v 
naive; 2.2 vs. 2.1 days; p=0.9). Most 
importantie, there was no correlation 
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Fi. are 2. Half-life of HIV RNA. In A, age at the start with HAART and half-life of the virus were not c^ 
correlated (r= -0 .05; p=0.8). In B, Baseline pVL and half-life of the virus were not correlated (r= -0 .2 ; g 
p=0.2). See remarks in Results section on the outlying values. g. 

n 

between the half-life of the virus and age at start of H A ART (r= -0.05; p=0.8) (Figure „ 
2A) or with the baseline pVL at the start of treatment (r= -0.2; p=0.2) (Figure 2B). 

x significant difference in viral half-life between a single-day efavirenz containing g 
r men (n=9) and nelfinavir containing regimen (n=26) was found in our cohort (2.1 
i 2.3; p= 0.67). > 

H 

One of the patients had a viral decay constant that was different from the other patients. 
This 9-year old patient had been pretreated with single NRT1 for 173 weeks until the 
start of HAART. This patient started with a very low pVL (620 copies/mL) and already 
reached an undetectable viral load at the next visit. Therefore the decay constant is 
an underestimation of the real situation. However, analyses of the data excluding this 
patient revealed no substantial differences to our conclusions. 

Viral suppression 
< ' the 39 patients, eight (21%) did not reach a pVL of < 400 copies/mL during the 
first 48 weeks or had stopped their first prescribed regimen for other reasons. Although 
clinically and immunologically improved, five children did not reach a pVL of < 400 
copies/mL during 48 weeks continuous use of first-line HAART. The reason for ending 
medication in the other three was inconvenience of therapy. The eight children who 
failed to reach a pVL of < 400 copies/mL after the start of their first regimen were 

ificantly younger than those who reached a pVL of < 400 copies/mL (median 1.7 
vs. 5.3 years, p=0.009). Children who failed to reach a pVL of < 400 copies/mL after 
the start of their first HAART regimen had a viral half-life during the first 3 weeks 
comparable with those who did reach a pVL of < 400 copies/mL (median 2.3 days 
(IQR, 1.8-3.3; n=8) vs. 2.1 days (1QR, 1.8-2.9; n=31); p=0.2). Sex, CDC-classification 
and the number of children that were pretreated with single NRTI before initiation of 
I - \RT did not differ between the groups. 

The children responding successfully to HAART reached a pVL of < 400 copies/mL in 
a median of 8.1 weeks after the start of therapy. Kaplan-Meier analyses showed that the 
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Figure 3. Time to virologie response. Kaplan-Meier 
analyses of the time to reach a pVl. of < 400 copies/ 
ml.. In A, pVL above (straight line) or under (dotted 
line) the median (4.9 loglO copies/mL) at baseline, 
(log-rank, 8.7; p=0.003). In B, children pretreated with 
NRTI therapy (dotted line) or treatment-naive (straight 
line) at the start of HAART (log-rank, 0.6; p=0.4). In 
C, age above (dotted line) or under (straight line) the 
median (4.4 years) at the start of HAART (log-rank 2.1; 
p=0.15). 

time to reach a pVL of < 400 copies/ 
niL was longer in children with . 
baseline pVL above the median of 4.' 
log copies/mL than in children with a 
pVL below the median (log-rank 8.". 
p=0.003) (Figure 3A). Pretreatmen 
(log-rank 0.6; p=0.4) did not result h 
a prolongation of the time to reach i 
pVL of < 400 copies/mL (Figure 3B 
Age under the median of 4.4 year 
was associated with a non-significant 
longer time to reach a pVL of < 40! 
copies/mL (log-rank 2.1; p=0.15 
(Figure 3C). 

Because age and baseline pVL a» 
correlated and a non-significant 
difference is found in time to reach •:• 
pVL of < 400 copies/mL in younger 
vs. older children (median 12.0 vs. 7.1: 

weeks) we included both variables in 
Cox regression analysis. The analysis 
revealed that baseline pVL (odds rati i 
(OR), 0.4 [95% CI, 0.2-0.7]; p<0.001) 
and not age (OR, 1.03 [95% CI, 0.96 
1.12] was correlated with the time t 
reach a pVL of < 400 copies/mL. rv i 
interaction was found. 

Discussion 

We analyzed the HIV-1 dynamics in th : 
first weeks after the start of HAART 
in a cohort of HIV-1-infected childre 
in relation to age, antiretrovir;i 
pretreatment and baseline pVL. In 
this prospective study all children 
who had at least 2 measurements i 
the first 3 weeks after the start with 
HAART were selected in order t • 
reduce the change of selection bias. 
median viral half life of 2.1 days was 
calculated, similar to that established 
in adults on a three-drug regimen [19|. 
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The viral decay constant and viral half-life were independent of baseline pVL, age at 

start of H A A R T or NRT1 pretreatment. Hence, the time needed to reach a pVL of < 

400 copies/mL in these children was significantly longer in children with a baseline 

above the median compared to children with a pVL under the median of the group at 

baseline. 

Baseline pVL and the viral decay rate are a reflection of viral turnover. Without treatment, 

production and degradation of the virus determines the turnover, where the amount of 

susceptible cells and the fitness of the virus define production and the immunologic 

host response to the virus the degradation of the virus. When the viral turnover is high, 

the early decay rate after start of effective therapy will be fast, and, vice versa when low, 

viral decay will be slow. 

3 
Young children tend to have higher pVL than adults. This may be defined by the stage 
of the infection being acute or subacute in children, whereas most adults present with 
chronic HIV-infection [4-6]. Although limited to very young children, it is often used to 
explain the relatively low success rate of treatment of HIV-1 in children, apart from the 
problems with adherence in this group of patients [7,8] and the need for higher weight 
adjusted dosage in the very young [21]. None of the children needed dose adjustment ^ 

based on plasma concentrations below the threshold during the first 3 weeks. The initial > 

intake of medication of these children seemed to be good. ^ 

The magnitude of the viral half-life in our cohort was similar to the half-life reported 

for adults [19,22,23]. Therefore, our data do not support the hypothesis that the decline 

in pVL is different in children compared to adults. An equal viral decay between sexual 

infected adolescents and young adults was found in a previously reported study by Wu 

etal. on 115 HIV-1-infected patients [24]. One third of the patients in our cohort was 

tr ited with efavirenz in a single-day treatment regimen. N o significant difference in 

viral half-life between the regimens was found in our cohort. In contrast, a more rapid 

decay of pVL in efavirenz-containing drug regimen when compared to a nelfinavir-

containing H A A R T was seen in the study by Wu etal. This difference may relate to the 

fact that in their study a non-linear mixed-effects biphasic model for the first 6 weeks 

v. used. Instead, we used a linear regression model for the first 3 weeks after the start 

with HAART, as was previously used by Ho etal. [11] and Wei etal. [12]. Taking the first 

3 weeks together seemed legitimate according to the data presented by van Leth et al. for 

adults [23]. 

In a previous report, early viral dynamics were described for 12 children under the age 

of 2 years [14]. It was found that children less than 3 months of age had lower viral decay 

rates than children between 3 and 24 months of age (0.66 vs 1.03 days, respectively). 

Children under 3 months of age are likely to have an increasing pVL as a result of the 

primary HIV-1 infection rather than the steady state observed later during the chronic 

stage of infection. This is a possible explanation for the relationship between pVL at 

baseline and age in our study also. Adult patients with primary infection are known to 

have lower decay rates than chronically infected patients [25]. In our cohort 11 children 



were under the age of 2 at the start of H A A R T of whom only one child started at 2 

months of age. We found that all children responded similarly to H A A R T with respect to 

pVL. We cannot exclude any difference in viral decay rate below the age of 3 months. 

In our cohort a correlation between baseline pVL and time to reach a pVL of < 400 

copies/mL was found. In a Cox proportional hazards model we found that this was 

g not confounded by age. In sharp contrast to our findings, age (and not baseline pVL) 

g- was recently reported to correlate with the time to reach an undetectable pVL in a large 

U pediatric cohort study [15]. However, the authors used categorical data and the exact 

- DO relation between age and baseline pVL was not further substantiated. This non-linear 

Pi dataset of the study may explain that children with a high pVL became undetectable in 

<! the same period of time as children with a low pVL. 
X 
c 

a Instead, we found that the decay rate was comparable irrespective of baseline pVL, 

suggesting that more time is needed to become undetectable when the pVL is higher at 

start of H A A R T The time needed to suppress pVL below 400 copies/mL was correlated 

.9 with baseline pVL. If a regimen of antiretrovirals is sufficiently robust, treatment 

continues to suppress viral replication. To eliminate higher pVL, more time is needed, 

g which would be in line with the finding that age per se does not influence the success of 

H A A R T when determined after 48 weeks [26]. In line with this is the finding that in 

adults initial viral decay is not correlated with success after 48 weeks on treatment [23]. 

On the other hand, the initial decav rate may differ from the H I V suppression in the 

period after the first weeks. Success of H A ART in the longer-term suppression of HIV is 

dependent on additional factors such as adherence, parental support, drug formulation, 

drug metabolism, as well as viral mutations that may render the medication less effective. 

In our cohort, a considerable number of children starting with first-line H A A R T did 

not reach undetectable pVL. These children were significantly younger, which may vs 

be related to the aforementioned factors of long-term success. Retrospectively, mutation 

analysis of the virus before the start with H A A R T was performed. N o mutations 

associated with the components of the regimen were detected in these children prior r<> 

the start of H A A R T 

Time to reach undetectable pVL was analyzed in adults, comparing a three-drug with 

a five-drug regimen. It was shown that a five-drug regimen suppressed the pVL below 

the lower limit of detection faster than a three-drug regimen [19]. However, the viral 

half-life during the first weeks on therapy was comparable between the two treatment 

groups. Unless adherence or préexistent drug resistance may impact this early stage of 

treatment, we may believe that the initial viral decay rate during chronic infection would 

not be different among various H A A R T regimens. 

In conclusion, initial HIV decay after starting H A A R T was not correlated with age and 

- expressed as viral half-life of 2.1 days- was similar to the decay rates calculated for 

adults. Even though baseline pVL correlated with age, the early decay rate did neither 

correlate with the age of the child nor with the baseline pVL at the start of HAART. 



Thus , t h e h y p o t h e s i s t h a t p V L t u r n o v e r in c h i l d r e n is d i f fe ren t f rom adul t s c a n n o t b e 

substant ia ted by o u r findings. 
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We are i n d e b t e d t o o u r n u r s e s , At ie v a n de r Plas a n d E u g e n i e le P o o l e for the i r care 

for t he c h i l d r e n at t h e o u t p a t i e n t c l inic; to F r a n k v a n L c t h for crit ically r e a d i n g a n d 

c o m m e n t i n g t h e m a n u s c r i p t . 
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Abstract 

Context: HIV-l-infected children have an increased risk of severe chickcnpox. Howew 

vaccination is not recommended in severely immunocompromised children. 

Objective: Can the live-attenuated VZV Oka strain be safely and effectively given to HI 

1-infected children despite previously low C D 4 + T cell counts? 

Methods: VZV-vaccine was administered twice to fifteen VZV-seronegative HIV-1 

infected children when total lymphocyte counts were >700 lymphocytes/fiL, and 6 

HIV-negative VZV-seronegative siblings. Weekly clinical follow-up and sampling was 

performed. 

Results: None of the children developed any clinical symptom or serious adverse react; i 

following immunization. VZV-specific T-cell responses increased after vaccination and 

were comparable in both groups over time. Only nine (60%) of the HIV-1-infected 

children had VZV-specific antibodies after two immunizations, whereas 100% i 

the siblings seroconverted. VZV-specific antibodies were lower in HIV-1-infectcd 

children after 2 vaccinations than in HIV-negative siblings. Additionally, after wild-ty e 

infection with VZV, varicella-specific IgG was lower than in H i V-negative siblings, 

at baseline was negatively correlated with the VZV IgG titer at 6 weeks after the second 

vaccination in HIV-1-infected children. 

Conclusions: V Z V vaccination of previously immunocompromised HIV-1-infect, 

children was safe and induced specific immune responses in part of the vaccinai d 

children, suggesting that preciously immunocompromised individuals are proteci.d 

against severe forms of varicella. 
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I troduction 

Varicella is an acute, highly infectious disease caused by varicella zoster virus (VZV). 

Children generally develop mild disease. After the initial infection V Z V establishes 

latency in the dorsal route ganglia. Reactivation, resulting in zoster, is thought to occur 

when alterations in the balance between the virus and host factors allow local replication n 

of the virus in the ganglion and axonal transport to the skin [1,2], Complications of £ 

varicella are bacterial super-infection, cerebellitis and encephalitis. V Z V is very 

common in temperate climates, where about 95% of the young adult population has ^ 

serologic evidence of previous infection [3]. In tropical areas V Z V is less common [4|. < 

After migration to colder areas persons are at risk of contracting varicella at older age, 

which increases the risk of developing complications [5]. 

Both virus-specific IgG and T cells can be detected after varicella infection [6] as 

well as after VZV-vaccination of healthy individuals [7]. Virus-specific IgG probably 

neutralizes free viral particles and therefore helps to counter re-infection upon repeated 

exposure. This is supported by the observation that early administration of varicella-

zoster hyper immune immunoglobulin (VZIG) protects against VZV infection after 

close contact with a contagious person with active varicella. Both C D 4 and CD8 

cytotoxic T cells are thought to suppress reactivation from viral latency. Exposure to 

a person with chickenpox gives a rise in VZV-specific T cells and reduces the risk of 

zoster later in life [8,9]. 

1\ ms with untreated HI V-l -infection show continuous viral replication and subsequent 

loss of CD4 + T cells, which eventually causes an immune deficiency and opportunistic 

ions as a consequence. VZV infection in these patients can cause severe chickenpox 

with major morbidity and mortality [10,11]. Even during treatment with HAART, HIV-

1-infected adults were found to have an increased risk of reactivation of VZV, causing 

shingles [12]. In our cohort of HIV-1-infected children we recently observed that during 

treatment with H A A R T serologic protection against VZV after natural infection fades 

ovi time despite immune reconstitution [13]. Thus, H A A R T may not normalize the 

risk' of recurrent or reactivating VZV infection in HI V-l-infected patients. 

Since 1974 a live-attenuated vaccine against VZV is available [14]. Routine vaccination 

of all children without a history of varicella is recommended in the US [15]. However, 

vaccination of children with any known immune deficiency is not recommended, 

because of the potential of disseminated viral infection. To date VZV immunization of 

111 1-infected children has been restricted to children with stable disease (stage N l or 

Al according to CDC classification [16], with C D 4 + T-lymphocyte percentages greater 

>r equal to 25%) [15]. HI V-l-infected patients would benefit most of an effective 

vac nation, in order to prevent severe forms of primary wild-type VZV infection. 

The aim of the study was to evaluate the safety and efficacy of VZV vaccination of HIV-

cted children irrespective of CDC-category or treatment. To this end, children 



were followed intensively for the development of clinical symptoms and both cellu 

and humoral responses were measured. 

Patients and methods 

From June 2002 to June 2005 all patients in the Pediatric Amsterdam Cohort on HIV 

(PEACH) (n=78) were evaluated for inclusion in the study. Inclusion criteria were: H I \ 

1-seropositive, VZV-seronegative, under the age of 18, lymphocyte count above 700 

cells/ixL, and without any active disease. Of the included patients all HIV-1-negative 

t household members were also tested for VZV serology. If tested VZV-seronegati e, 

immunization was offered and when consent was given, these family members were 

also included in the study. Written informed consent was obtained from all patients, 

controls and caregivers. The medical ethical committee of the Academic Medical Centre 

.S approved the research protocol. 
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Study d e s i g n : 
All VZV-seronegative patients received the VZV vaccine. Study visits and blood sample 

were planned at 2, 3, 4 and 6 weeks after primary immunization. All patients received 

second immunization 3-6 months after the primary immunization, with an évaluât' 

of the serological and cellular responses after 6 weeks. 

V a c c i n e : 
Varicella vaccine (Varilrix, GlaxoSmithKline UK, Uxbndge, UK) containing the li e-

attenuated VZV Oka stram was administered subcutaneously as per the manufacture r's 

recommendations for immunocompromised children. 

L y m p h o c y t e s , T ce l l s u b s e t s 
Blood samples were collected and numbers of B cells (CD19+), T cells (CD3+) and T 

cell subsets ( C D 3 + C D 4 \ CD3 + CD8 + ) were determined real time by standard FACScan 

procedures, as described before in detail [3]. In short, 100 ul E D T A anti-coagulated 

whole blood was incubated with fluorescent label conjugated monoclonal antibodies 

(mAbs) (concentrations according to manufacturer's instructions). CD4 + T-cell id 

CD8 + T-cell subsets were additionally defined by mAbs specific for CCR5-F1TC (BD) 

and CXCR4-PE (BD) (CD184 and CD195, respectively). The number of acth d 

C D 4 + and C D 8 + T cells were determined using monoclonal antibodies against HLA-

DR (Becton Dickinson) and CD38 (Coulter Immunology, Paris, France). Analysis of 

cells was performed using a FACS scan flowcytometcr and CellQuest software (BD 

Biosciences). Peripheral blood mononuclear cells (PBMCs) were isolated from blood 

samples using standard density gradient centrifugation techniques, after separation of 

the plasma. Both plasma and PBMCs were stored until further analyses. 

A n t i g e n - s p e c i f i c T-ce l l prol i ferat ion as say 
In vitro T-cell proliferation to VZV antigen was measured using CFSE ( 

carboxvfluorescein diacetate succinimidyl ester) (Molecular Probes, Eugene, OR e 
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dilution assay according to the manufacturer's protocol. Briefly, after thawing, PBMC 
were resuspended in PBS at a final concentration of 540 x 106 cells/ml and labeled with 
0.5 [JiM (final concentration) of CFSE for 8 min. at room temperature. Labeling was 
stopped using human pool serum (Sanquin, Amsterdam, The Netherlands). Cells were 
washed and subsequently resuspended in RPMI (BioWhittaker, Venders, Belgium), 
supplemented with 10% human pool serum and antibiotics (penicillin/streptomycin). 

CFSE-labeled PBMCs were cultured for 6 days at 37°C with VZV antigen in a final 
concentration of 20 ul/ml (Microbix Biosystems, Toronto, Canada), previously defined 
as the optimal effective dose for lymphocyte stimulation [17]. Cells were stimulated 6 3 ^ J ~ 
otherwise with CD3 and CD28 mAbs to define T-cell reactivity under optimal N 
lymphocyte proliferation induction at final concentrations of 0.3 [xg/mL, and 2 ug/ 
mL, respectively (Sanquin Research, Amsterdam, The Netherlands). At day 6, cells R 
were stained extra-cellularly with fluorochrome-conjugated mAb against CD4 and CD8 
(BD). Cells were fixed in Cellfix (BD), and 60.000 up to 300.000 events were acquired 
using FACScalibur flow cytometer (BD). The Stimulation Index (SI) was calculated | 
by dividing the percentage of proliferating (CFSElow) CD4+ or CD8+ T cells after jL 
stir.)ulation with VZV by the percentage of proliferation after stimulation without VZV g 
antigen (control stimulation). ^ 

I—i 

< 
Plasma HIV-1 R N A determination 
Plasma HIV-1 RNA concentration (pVL) was determined using Versant HIV-1 RNA 3.0 
(Baver, Tarrytown, NY, USA). All tests were performed according to the instructions of 
the manufacturers. 

VZV serology 
Specific IgG to VZV was determined by Vidas immunoassay (Biomerieux, Lyon, France) 
foil« ving the instructions of the manufacturers. The test values of this assay were 
ci H erted to IU/ml using the conversion factor as determined by Van der Zwet et al [18]. An 
antibody level of 0.14 IU/mL or more was regarded as positive. Seropositivity was defined 

presence of specific IgG after the age of 18 months to exclude any confounding 
contribution of maternal antibodies in the very young. Serological tests within 3 months 
after the administration of blood products were excluded from the analyses. 

Statistical analysis 
Statistical analyses were performed using SPSS for Windows version 11.5 (SPSS, 
Chicago, USA). All p-values were two-tailed. P-values smaller than 0.05 were considered 
statistically significant. Continuous data were analyzed using a Mann-Whitney U test. 
Categorical data were compared with a Fisher's exact test. Correlation was tested using 
the Spearman's correlation test. SI was modeled using a mixed model incorporating 
tepe ted measurements. This model handles missing data adequately by estimating the 
outcome using a 'first order autoregressive' structure. Differences in these estimates 
between different levels of the variable were tested for significance using t-statistics. 
Age correction for CD4+ and CD8+ T cells was clone by dividing the counts by the 
mean of an age matched healthy control group [3]. 
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Results 

B a s e l i n e character i s t i c s of s tudy p o p u l a t i o n 
Of 22 eligible HIV-1-infected children in our pediatric cohort 15 consented to participate. 

Baseline characteristics before immunization are outlined in Table 1. Dur ing vaccination 

2 children were not treated with antiretroviral drugs, others were on H A A R T during à 

median of 289 weeks. Twelve of 13 patients on H A A R T (92%) had an undetectable pVL 

at first vaccination. Median nadir percentage of C D 4 + T lymphocytes was 19%, 12 of 15 

vaccinated children had a nadir percentage below 25% and 6 even below 15%, having by 

definition a severe immune deficiency [16]. 

Six siblings of the HIV-1-infected children had a negative VZV serology. CD41 T 

and C D 8 + T cell counts were comparable between HIV-1-infected and HIV-negative 

children (p=1.0 and p=0.3, respectively) (Table 1). 

S Safety of the v a c c i n e 
After vaccination none of the 15 HIV-1-positive children experienced a serious adverse 

event related to primary or secondary vaccination. The pVL did not change within the 

6 weeks after the first or second immunization, irrespective of treatment or detectable 

pVL at the time of immunization. V Z V D N A was only detectable once in whole blood 

Table 1: Baseline characteristics of HIV-1-infected children vaccinated against V Z \ 
HIV-1-positive HIV-negative sibling 

Number (n) 

Age, median (IQR) 

Sex, female 

CDC-classification, N* 

A 

B 
C 

Children on HAART (n) 
Time since start HAART, median weeks (IQR) 

Plasma HIV-1 RNA, median log copies/mL (IQR) 

Baseline 

CD4' T cells, median (IQR), absolute cells/ul. 

CD4+ T cell percentage, median (IQR), %L 

Age adjusted CD4+ T cell ratio, median (IQR) 

CD8* T cells, median (IQR), absolute cells/uL 

CD4+CCR5+ T cell percentage (IQR) 

CD4+CXCR4+ T cell percentage (IQR) 

CD8+CCR5H T cell percentage (IQR) 

CD8+CXCR4H T cell percentage (IQR) 

Nadir 
CD4+ T cells, median (IQR), absolute cells/uL 

Percentage of CD4+ T cells, median (IQR), % 

Age-adjusted CD4"1 T cell ratio, median (IQR) 

15 6 

8.3 (4.3-11.7) 4.6 (1.3-8.3: 

7 (47%) 
9 

5 (83%) 

2 

3 

8 

13 

289 (132-337) 

1.9 (1.7-3.0) 

1410 (740-1640) 1550(1080-2 

38 (28-42) 41 (35-49) 

0.9(0.7-1.4) 1.0(0.8-1.3 

1.170(950-1550) 1130(700-1.? 

7 (4-11) 6 (4-14) 

76 (74-86) 84 (72-92) 

17 (7-28) 12(10-24) 

41 (32-52) 56 (42-74) 

540 (230-910) 

19 (11-24) 

0.38 (0.17-0.56) 

»Clinical categories as defined by the US Centers for Disease Control and Prevention (CDC) [16]. 
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of single patient at 2 weeks after the first immunization (100 copies/mL). The patient 
had no clinical complaints or signs of varicella infection upon physical examination. All 
cultures for VZV from throat swabs remained negative. 

No change in immune activation markers on T cells 
Vaccination could induce immune activation of T cells and up regulation of HIV co-
receptors on CD4+ T cells, which would lead to more target cells for HIV and potentially 
resulting in an increase in pVL. During the weeks after vaccination we measured the 
CD4+ and CD8+ T cell counts and CCR5 and CXCR4 receptors and immune activation 
as assessed by HLA-DR and CD38. At baseline median percentages of CCR5 and 
CXCR4 positive CD4+ and CD8+ T cells were comparable between HlV-1-infected and 
HIV-negative children (p=0.5, p=0.07, p=0.8, p=0.9, respectively) (Table 1). CD4+ and 
CD8+ T cell count did not change over time after immunization (Figure 1A and B). The 
number of activated T cells as assessed by HLA-DR and CD38 expression remained 

hanged. Expression of both chemokine receptors CCR5 and CXCR4 did not show 
change in the weeks after primary and secondary immunization (Figure 1C-F). 3 

T3 
n 

Lower humoral response rate of HIV-1-infected children g 
At 6 weeks after each immunization the VZV-specific serologic response was assessed. ^ 
At! primary vaccination 5 of 15 HIV-1-infected children seroconverted for VZV. 
Median VZV IgG was 0.1 IU/mL. After booster vaccination 9 of the 15 (60%) 
chi ten became VZV IgG-positive. In the HIV-negative siblings, the response rate 
was 3/6 (50%) after primary vaccination and 6/6 (100%) after boosting. Additionally, 
the . nti-VZV IgG titers in HIV-1-infected children after 2 vaccinations against VZV 
were significantly lower than of the HIV-negative siblings (median 0.2 vs. 4.6 IU/ml; 
p=0.002) (Figure 2A). 

Of ,ie 9 children who seroconverted, 7 were retested at 24 weeks after the second 
immunization. VZV-specific IgG was no longer detectable in two of the children. Of 
the VZV-seronegative children who remained seronegative after 2 immunizations, 2 
tea red a third vaccination. Only one of these 2 children seroconverted. 

Low VZV-IgG titers after wild-type VZV in HIV-1-infected children 
To investigate antibody responses against VZV in natural VZV infection in HI V-infected 
children, we studied 8 children with clinically evident chickenpox and 4 children with 
clinical herpes zoster during treatment with HAART (Table 2). Four children (50%) 
were VZV-IgG positive prior to chickenpox. Only 6 of these 8 children with wild-type 
varicella were VZV-IgG positive after chickenpox. The titers of anti-VZV IgG after 
chic enpox in H1V-1-infected children were significantly lower than in HIV-negative 
siblings after vaccination (median 0.8 vs. 4.6 IU/mL, p=0.04). The titer after chickenpox 
was not different from the titer after vaccination of HI V-1-infected children (median 0.8 
vs. 0.2 IU/mL, p=0.3) (Figure 2B). 

The 4 children with herpes zoster were previously tested positive for VZV-IgG. 
However, one child lost VZV antibodies during HAART, prior to herpes zoster. All 4 
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Figure 1. C D 4 " and C D 8 " T cells and chemokme positive T lymphocytes after V Z V vaccination. In A. 

C D 4 + T cells. In B, C D 8 * T cells. The median cel ls /uL and interquartile range are shown. In C, CD4~ ( ; 

T cells. In D, C D 8 + C C R 5 + T cells. In E, C D 4 + C X C R 4 ' T cells. In F, C D 8 + C X C R 4 + T cells. N o reaction 

m T lymphocyte subsets is seen upon vaccination. T h e median percentage of positive cells and interquartile 

range are shown. 

children were VZV seropositive after herpes zoster. The titer after wild-type zoster in 
HIV-1-infected (0.4 lU/mL) was also lower than the titer after immunization of HIV-
negative siblings, but comparable to immunization of HIV-1-infected children (p=0.02 
and p=0.4, respectively). 

VZV-specific T cell responses increase after vaccination in both 
HIV-infected and HIV-negative siblings 
The cellular immune response upon vaccination was measured after stimulation ••• ith 
VZV antigen using CFSE dye-dilution assay and was expressed as stimulation index 
(SI). We were able to measure the VZV-specific CD4+ and CD8+ T cell proliferative 
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Table 2. Characteristics of HIV-1 infected children with wild-type VZV and herpes zoster. 

Wild-type VZV Herpes zoster 

Number (n) 

ledian (IQR) 

v -male 

CDl classification, N* 

B 

C 

Children on HAART (n) 

Time since start HAART, median weeks (IQR) 

Plasma HIV-1 RNA, median log copies/mL (IQR) 

Baseline 

I ' T cells, median (IQR), absolute cells/uL 

(-1)4' T cell percentage, median (IQR), % 

adjusted CD4+ T cell ratio, median (IQR) 

CD8" T cells, median (IQR), absolute cells/uL 

Nadir 

CD4"1 T cells, median (IQR), absolute cells/ul. 

Percentage of CD4+ T cells, median (IQR), % 

adjusted CD4" T cell ratio, median (IQR) 

4.3 (2.3-4.8) 10.4 (4.0-17.7) 

3 (33%) 0(0%) 

2 
2 

1 2 

3 2 

8 4 
132(55-197) 14 (7-220) 
2.7 (2.5-3.5) 2.4(1.7-4.5) 

1190 (740-1280) 350 (330-1090) 

30 (25-39) 12 (9-39) 

0.55 (0.42-0.76) 0.31 (0.23-0.56) 

860 (540-2250) 1750 (1090-2110) 

440 (210-670) 60 (10-410) 

16(8-23) 7(2-15) 

0.22 (0.10-0.41) 0.05 (0.01-0.22) 
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Figure 3 . Cellular response upon V Z V vaccination. In A, representative FACS analyses of CFSE of CD4+ 

T cells after stimulation with V Z V antigen in a MIV-1-infected and a HIV-negative child, before vaccinauon 

(upper row), after the first vaccination (middle row), and after the second vaccination (lower row). In B, 

C D 8 " T cell CFSE after stimulation with V Z V antigen. Number s indicate percentages of proliferating 

(CFSElow) C D 4 " or C D 8 + T cells after stimulation with medium (left panel) or VZV-antigen (right p: 

SI: Stimulation Index. In C, T cell stimulation index upon immunization against VZV. Uppe r row, CD4 T 

cell stimulation index. Lower row, C D 8 + T cell stimulation index. Left side weeks after primary vaccin 

right side after booster vaccination. Squares indicate HIV-1-infected children, open circles indicate HIV-

negative siblings. T h e median and interquartile range are shown. N o difference was found over time in 

response between 11IY-1 -infected and HIV-negative children (p=0.5). 



responses, separately after 6-day stimulation. Figure 3A clearly shows the occurrence 
of VZV-specific CD4+ and CD8+ T cell proliferation after vaccination in an HIV-1-
ini'. cted child (CD4+ SI: 4.3 and CD8+ SI: 3.0) and an HIV-negative sibling (CD4+ SI: 
5.8% and CD8+ SI: 3.9%). Also after the second vaccination, VZV-specific proliferation 
was observed (HIV-l-infected child, CD4+ SI: 8.3 and CD8+ SI: 4.4; HIV-negative 
sibling: CD4+ SI: 10.3 and CD8+ SI: 1.8). All children showed a peak in SI around 4 
weeks after immunization. Median peak CD4+ SI of HIV-1-infected children was 6.9 
(IQR 3.0-18.1) and of HIV-negative siblings 3.3 (2.0-8.2) (p=0.2). Median peak CD8+ 

SI of HIV-1-infected children was 0.7 (IQR 0.4-1.8) and of HIV-negative siblings 1.0 
(IQR 0.7-1.4) (p=0.5) (Figure 3B). Also after the second immunization an increase in 
cellular reactivity was seen. Median CD4+ SI at 6 weeks after the second vaccination N 
was 4.2 in HI V-l-infected children and 3.9 in HIV-negative children. Median CD8+ SI < 
reached 1.5 in HIV-1-infected children and 1.6 in HIV-negative children (Figure 3C). 
No difference over time was seen in either CD4+ or CD8+ proliferation between HIV- | 
1-infected children and HIV-negative siblings (interaction term (SI*time) p=0.5 and § 
p=0.7, respectively). 5 
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Age at baseline was negatively correlated with the anti-VZV IgG titer at 6 weeks after 
the second vaccination (r=-0.7, p=0.007), but not with the peak in VZV-specific T-cell 
response (r=-0.15, p=0.6) or the T-cell response 6 weeks after the second vaccination 
(r—0.27, p=0.4). Nadir CD4+ T cell ratio was neither correlated with the T cell response 
nor with the serologic response or peak of the CD4+ T cell response. We also found no 
correlation with any of the immunologic outcomes and baseline CD4+ T cell ratio. The 
T cell response at 6 weeks after the second vaccination was positively correlated with 
the antibody titer at the same time point (r=0.6, p=0.03). Moreover, none of the three 
children above 13 years of age seroconverted whereas 9 of 12 children younger than 13 
;t of age demonstrated seroconversion upon immunization. 

Discussion 

This study describes the results of VZV vaccination in a single-centre study in VZV-
seronegative HIV-1-infected children. The live-attenuated VZV vaccine was well 
tolerated by both previously immunocompromised HIV-1-infected children treated with 
HAART, as well as by stable, non-progressing HI V-1-infected children. VZV-vaccination 
of HIV-1-infected children did not result in any adverse reaction upon vaccination. pVL 
did not increase for a period of up to 3 months after VZV immunization. Also no strong 

nie activation of the immune system was seen in the peripheral blood in reaction to 
the accination, whereas specific T-cell responses against VZV were induced. Although 
safe, and despite the presence of VZV-specific T cell responses, seroconversion occurred 
m i inly 60% of the children after 2 vaccinations. 

Current guidelines recommend vaccination of HIV-1-infected children with a well-
maintained immune system [16]. However, most children are tested HIV-1-positive at a 
later stage of the disease. VZV vaccination of 15 HI V-l-infected children in our cohort 
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and 6 healthy siblings was undertaken under strict surveillance by weekly clinical checks 

for fever, vesicular lesions and other clinical symptoms that could be associated with 

V Z V infection by the Oka-vaccine strain. N o adverse reactions were seen. Out of 72 

blood samples one single positive V Z V PCR sample was detected at 2 weeks after the 

first immunization in a child at 100 copies/mL (cut-off at 80 copies/mL). All cultures 

for V Z V from throat swabs remained negative, indicating the lack of transmissibility 

of the VZV-Oka strain. Therefore, V Z V vaccination can be considered safe in HIV-1-

infected children during HAART, despite previous immunodeficiency. 

High pVL is correlated with rapid C D 4 + T cell decline and disease progression [19-21]. 

> H I V enters its target cell by binding to CD4 and one of the chemokine receptors CCR5 

X and CXCR4 as a co-receptor [22]. Both receptors are up-regulated during activation of 

the immune system as occurs during acute viral infections like HIV-1-infection but may 

K3 also occur during vaccination [23]. Therefore it was hypothesized that vaccination of 

B* HIV-1-infected individuals may increase T cells susceptible for HIV-1 entry. However, 

c we show that the number of CCR5- or CXCR4-positive cells was stable in the weeks 

after vaccination. In line herewith pVL did also not increase upon vaccination in any 

of the children, either with or without antiretroviral treatment. These data suggest that 

Ü VZV vaccination has no effect on HIV-1 infection. 

It has been shown that individuals carrying the CCR5A32 gene are more likely to be 

V Z V seronegative , although this correlation has been debated . None of the children 

vaccinated in our cohort were carriers of this deletion. Therefore, a relation between 

the CCR5A32 gene and serologic response to varicella would not have confounded our 

results. 

Long-term follow-up after vaccination of healthy children showed that a second 

vaccination 3 months after primary V Z V vaccination gave a 3.3-fold lower risk of 

developing varicella during 10 years follow-up compared to a single vaccination [24]. 

Current US guidelines recommend vaccination of all immunocompetent healthy 

children under the age of 13 years with a single dose [15]. Because of lower effectiveness 

after a single immunization, persons older than 13 years of age are recommended to 

receive a second dose [15]. In our study we found that none of the three children above 

13 years of age seroconverted after 2 doses versus 9 out of the 12 children younger than 

13. In line with the findings of healthy children older HIV-1-infected children should be 

vaccinated more frequently to induce a serologic response. 

Early trials of V Z V vaccination of healthy immunocompetent children and adults 

showed high seroconversion rates (up to 100%) after primary vaccination. Serological and 

cellular responses persisted 3-4 years post-immunization in about 95% [6,24]. Clinical 

reactions were generally mild, being limited to 5-10% of recipients in the form of a mild 

generalized rash with fewer than 50 papules and some vesicles. V Z V vaccination gave 

breakthrough varicella during follow-up in 9% of healthy vaccinated individuals al er 

a mean of 3.3 years. Symptoms were generally mild though [25,26]. These results are in 
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line with our findings in HIV-negative siblings who showed 100% seroconversion after 
2 vaccinations. 

Children on chemotherapy and/or radiotherapy for malignant disease showed cellular 
and humoral immune responses after vaccination, however at lower level compared to 
otherwise healthy individuals [27]. Lymphocyte counts below 700 cells/mm3 resulted 
in more frequent and severe side effects. This observation underlines the need for a tr 
re-established immunity before the vaccine can be administered safely. In our study 
immune reconstitution was established since HAART was started at months to years m 
prior to immunization and pVL was undetectable in 12 out of 15 vaccinated children. 71 
VZV vaccination was also found to be safe after organ transplantations; seroconversion N 
occurred in 86% of these chronically immunosuppressed children [28]. Seroconversion 
rates in immunocompromised patients are lower than in healthy children. Also in HIV-
1-infected children only 60% had detectable VZV-specific IgGs. » 
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Recent reports suggest reactivation of the latent Oka-strain or re-exposure to wild-
type VZV as potential mechanisms to maintain life-long immunity against VZV [8,29]. 
Recovery of VZV-specific immunologic memory in HI V-l-infected children may require 
both an increase in the number of functional CD4+ T cells and the re-exposure to wild-
type circulating VZV strains [30], which may both occur in HIV-1-infected children 
upon start of HAART Our study provides new evidence that HIV-1-infected children 
remain immunodeficient, even when properly treated with HAART First, serologic 
responses to vaccination were significantly less than those observed in HIV-negative 
siblings or previously described in the literature [6,25]. Second, a relatively high number 
of wild-type VZV re-infections were observed in VZV-seropositive HIV-infected 
children, and once re-infected, titers did not steeply rise. 

The lack of any clinical symptom after vaccination and only one positive VZV PCR 
result in blood indicates that the immune system of children during HAART is able 
to mount an adequate primary cellular immune response upon vaccination. However, 
in the presence of comparable T-cell reactivity between HI V-l-positive and -negative 
children, the serologic response was much lower in HIV-1-infected individuals. While 
the i,hort-term restoration of the immune function seems to largely protect persons 
from disseminated vaccination induced varicella infection, the functional immune 
restoration and immunologic fine-tuning is still incomplete, resulting in absent and low 
VZV-specific IgG. Recently, it was shown that perturbations in B cell responsiveness 
were found not only to be due to impaired CD4+ T cell help, but also intrinsic to the 
detrimental changes in the B cell compartment itself [31]. Reduction in pVL was shown 
to improve B-cell responses upon various stimuli in vitro [32]. However, in our study we 
she* that even during successful treatment with HAART, the B cell function remained 
disturbed. The absence of serologic memory induction may also explain the increased 
rate of herpes zoster found in adults during HAART [12]. 

In adults treated with HAART it was shown that responses upon various immunizations 
were dependent upon nadir CD4+ T cell count and the number of circulating CD4+CD28+ 



T cells at the moment of vaccination [33]. In contrast, in our study the cellular response 
after two vaccinations was neither correlated with age nor with the nadir or baseline 
CD4+ T cell ratio. This could indicate that children show better recovery and immune 
reconstitution after start of HAART than adults after severe immunodeficiency. 

As we demonstrate in this study, VZV vaccination of HIV-1-infected children is safe 
during HAART, even in children with previous CDC-C events. Effectiveness is sir ir 
to the seroconversion rate of 60% after 2 doses, as was previously reported in 41 HIV-1-
infected children with Nl or Al disease [34]. Repeated vaccination of VZV-seronegative 

" '2 HIV-positive children seems mandatory, since primary and secondary vaccine failures 
J> occur frequently. Additional research with more children and longer follow-up is 
X needed to further determine the effectiveness of the vaccination against chickenpox by 

breakthrough wild-type infection or shingles by reactivated VZV. 
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Abstract 

Context: In the pre-HAART era a loss of specific antibodies was seen. 

Objective: To describe the loss of specific antibodies during treatment with HAART. 
o Methods: In a prospective single-center cohort study on 59 HIV-l-infected children, we 

investigated the long-term effect of HAART on the titers and course of specific antibodies 
Jj against measles, mumps and rubella (MMR) vaccine strains compared to wild-type 

-,(• varicella zoster virus (VZV), cytomegalovirus (CMV) and Epstein Barr virus (EBV) 

H 
ai 

Results: Dur ing HAART, age-adjusted CD4 T cells and B cells increased, wh( reas 

m total immunoglobulin levels declined. Although pre-immunized before the start of 

cr' HAART, only 24 (43%) had antibodies against all three MMR components. Antibodies 

| against each MMR component were lost in 14 (40%), 11 (38%), and 5 (11%) children 

| seropositive at baseline. We also observed loss of VZV-IgG in 7 of 34 (21%), CMV-

IgG in 3 of 45 (7%), but none of 53 EBV-seropositive children, respectively. During 

'g HAART, primary vaccination in 3 patients and 15 revaccinations in those with negative 

Ü serology demonstrated incomplete seroconversion. 

'g 

Conclusions: Humoral reactivity in HI V-l-infected children remains abnormal during 
° HAART Despite immune reconstitution, antibodies against live-attenuated vaccine 

and wild-type natural virus strains disappear over time in up to 40% of HIV-1-inf cteel 
children. 



Introduction 

HIV-1 -infection causes a progressive immune deficiency due to the loss of CD4+ T cells. 
Consequently several abnormalities in the B-cell compartment occur. These include a 
progressive decline in total CD19+ B-cells, with polyclonal hyperimmunoglobulinemia 
[1,2], impaired reactivity to immunization [3] and loss of specific antibodies [4]. After 
successful treatment with HAART, CD4+ T cell count increases and a reduction of 
the hvperimmunoglobulinemia is seen [5,6]. During the first 12 weeks of HAART an 
increase in absolute B cell count is found in most patients [7]. 

treatment with HAART As a surrogate marker for B-cell memory we determined 
whether the loss of specific antibodies against the components of the MMR vaccination, 
would be influenced by the treatment with HAART We compared the MMR serology 
with the humoral response against natural viral pathogens, i.e. VZV, CMV and EBV, 
and tested whether any loss of specific antibodies would continue despite treatment with 
HAART and consecutive immune reconstitution and, if so, is this only seen against 
live-attenuated viruses or against wild-type viruses as well. 

Materials and Methods 

Patients 

The Pediatric Amsterdam Cohort on HIV-1 (PEACH) consists of children and young 
adolescents under the age of 18. Since 1997, patients receive HAART consisting of 2 
nucleoside-analogue reverse-transcriptase inhibitors (NRTI) and at least 1 protease 
inhibitor (PI) or a non-NRTI. For the present study we selected all children who had 
Starte I therapy between 1997 and 2005. The Medical Ethical Committee approved the 
study for serotyping and (re)vaccination. Caregivers gave written informed consent. 

Blot ! samples 

Dur g the routine blood tests, antibody levels against MMR were annually checked and 
children were (re)immunized when indicated. The Dutch national vaccination program 
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n 
tr-

The function of the B-cell compartment is to produce neutralizing antibodies and I 

to maintain serologic memory after primary infection. After MMR vaccination life- °. 

long immunity is maintained in healthy individuals. Before the era of H A A R T it was n 

found that in HIV-1-infected children the initial response to vaccination is weaker and » 

transient compared to healthy children [3,4]. However, the long-term effect of H A A R T g 

on the B-cell count and function in children is unclear. Vaccination has lead to a decline <r 

in the incidence of measles, mumps and rubella cases in otherwise healthy children, 

even though outbreaks still occur. MMR coverage as well as seroprevalence in the 

Netherlands is high at 94% with further increase after routine booster immunization at 
o ''ye of age [8,9]. aq 

•— 
> 

s study we investigated whether the B-cell memory was restored during the H 



(Rijksvaccinatieprogramma (RVP)) includes MMR vaccination at the age of 14 months 
and 9 years of age [9]. 

Lymphocytes, T cell subsets, and T cell proliferation 
Numbers of B cells (CD19+), T cells (CD3+) and subsets (CD3+CD4+, CD3+CD8+) 
were determined by standard FACScan procedures, as described before in detail [8]. 
Age correction for CD4+ and CD8+ T cells and CD19+ B cells was done by dividing the 
counts by the mean of an age matched healthy control group [8]. 

78 Plasma HIV-1 R N A determination 
pi Plasma HIV-1 RNA concentration was determined either using Nuclisens HIV-1 

RNA QT (Biomérieux, Boxtel, the Netherlands) or Versant HIV-1 RNA 3.0 (Bayer, 
Ĵ, Tarrytown, NY, USA). All tests were performed according to the instructions of the 

•jq manufacturers. Due to a different lower limit of detection in the 2 assays, all pVL bel 
3 

"̂  400 copies/mL were considered as undetectable. 

U 

era 

r9 Measles, mumps, rubella, VZV, CMV and EBV serology 
S Specific antibodies to measles and mumps were determined by enzyme immunoassay 
S (EIA) (Virotech, Rüsselsheim, Germany). Serology of measles and mumps is expressed 
0̂  as Arbitrary Units (AU)/mL. An antibody amount of 9.0 AU/mL or more was regarded 
••g as positive. Specific antibodies to rubella were determined by Axsym (Abbott, Illinois, 
| USA), expressed as International Units (IU)/mL. An antibody amount of 10.0 11/ 

1-1 mL was regarded as positive. Specific antibodies to VZV were determined by Vidas 
immunoassay (Biomerieux, Lyon, France). The test values of this assay were converted 
to IU/ml using the conversion factor as determined by van der Zwet et al. [10]. An 
antibody amount of 0.139 IU/mL or more was regarded as positive. CMV antibodies 
were defined by Axsym assays (Abbott park, Illinois, USA), expressed as AU/mL. An 
antibody amount of 15 AU/mL or more was regarded as positive. Specific IgG against 
the viral capsid antigen (VGA) and against nuclear antigen of EBV (EBNA) was 
determined qualitatively using respectively the 'anti-EBV VCA IgG ELISA' and the 
'anti-EBV EBNA IgG ELISA of Biotest (Dreieich, German}'). All tests were performed 
following the instructions of the manufacturers. 
Seropositivity was defined by the presence of a positive specific IgG after the age of 
18 months to exclude any confounding contribution of maternal antibodies in the very 
young. Serological tests within 3 months after the administration of blood pro tacts 
were excluded from the analyses. 

Statistical analyses 
Statistical analyses were performed using SPSS for Windows version 11.5 (SPSS, 
Chicago, USA). All p-values were two-tailed. P-values smaller than 0.05 were considered 
statistically significant. Continuous data were analyzed using a Mann-Whitney-L test. 
Categorical data were compared with a Fisher's exact test. Correlation was tested using 
the Spearman's correlation test. The mean age-adjusted CD4+ T cells, CD19+ B cells 
and total IgG were modeled using a mixed model incorporating repeated measurements. 
This model handles missing data adequately by estimating the outcome using a 'first 



Age ars, median (IQR)) 4.3 (1.4-8.8) 
Male • :x (n (%)) 29 (49%) 
CDC-cIassification (n)a 

Non-C 35 
C 24 

Total follow-up on HAART (median weeks (IQR)) 205 (124-359) 

Number of positive MMR components in previously vaccinated children 
(Total = 56) (n (%)) 

'live 24 (43%) 
1 or 2 positive 24 (41%) 
0 positive 8 (13%) 

IQR: Inter quartile range a Clinical categories as defined by the US Centers for Disease Control and 
Prev« non [29). 

Table 2. Immunity at baseline against life-attenuated measles, mumps, rubella and the natural VZV, CMV 
infection and loss of specific antibody titers during the treatment with HAART. 

Base ine Lost M :dian time to loss in weeks 

Positive \ \ :gative X N (%) 

M :dian 

measles 35 21 14 (40%) 103 
29 27 11 (38%) 119 

rubella 45 11 5 (11%) 84 
VZ\ 34 25 7 (21%) 161 
CM\ 45 14 3 (7%) 78 
: H\ ( A) 53 6 0 n.a. 

n 

order autoregressive' structure. Differences in these estimates between different levels 
of the variable were tested for significance using t-statistics. 

Results 

Since 1997, 59 children started treatment with HAART at a median age of 4.3 years, 49% 
of the children were male, 24 presented with a CDC-C classification. Median follow-up 
since the start of HAART at the time of analysis was 205 weeks (Table 1). 7q 

Baseline serology 
Prior to the start of HAART, only 24 (43%) children had positive antibody titers against 
all 3 components of the MMR vaccine. Whereas officially reported to be immunized — 
either according to the national vaccination program or upon entry in the health care 
system - 8 (13%) of the included children starting with antiretroviral medication had 
no detectable antibodies against any of the MMR components and 24 (41%) children 
had a discordant response against 1 or 2 of the components in the vaccine (Table 1). Of 
the various components, 35 (63%) children had specific antibodies against measles, 29 
(52%) against mumps and 45 (80%) against rubella (Table 2). 

Table 1. Clinical characteristics of the patients at start HAART 

Characteristic N=59 2 

CT 

a-
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Virologie and immunologie response to antiretroviral therapy 
Upon treatment with HAART, the HIV-1 replication is suppressed in most of the treated 
patients and immunologic recovery occurred in all. After 48, 96, 144 and 192 weel-;, 40 
of 56 (71%), 35 of 53 (66%), 26 of 45 (58%) and 18 of 35 (51%) children, respective!} had 
an undetectable plasma viral load of HIV-1 in on-treatment analyses. During 192 weeks 
of treatment with HAART total-IgG declined compared to baseline (P<0.001) (Figure 
1A). The decline was most pronounced in the first 48 weeks, stabilizing thereafter. 
Total-IgM also declined during 192 weeks on HAART (p<0.001). Total-IgA showed 
a non-significant decline (p=0.067). On the other hand, age-adjusted CD4+ T cell and 
CD19+ B-cell numbers increased over 192 weeks on HAART (Figure IB; both p<0.001), 
although the increase in B cells was more gradual. When defined as a normalization of 
the in vitro lymphoproliferative T cell response upon stimulation by the combination of 
CD3 and CD28 MoAbs [11], functional immune reconstitution was complete with in 4-6 
weeks after start of HAART, irrespective of the plasma viral load at start of treattrk nt or 
during follow-up or age-adjusted CD4+ T cell count (data not shown). 

o 

Ü 

48 96 144 

Weeks since start HAART 

Q 

48 96 144 

Weeks since start HAART 

1 il ĝ  

b 
0.5 " 

Fig. 1. Immunological markers during 4 years treatment with HAART. In A, total-IgG, on the left Y-axi 
IgM and total-IgA on the right Y-axis. In B, age-adjusted CD4+ T cell ratio on the left Y-axis and age-ad 
CD19+ B cell ratio on the right Y-axis. Shown are estimated mean and standard errors of the mean. 
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Serology during treatment with antiviral therapy 
Of the 35 children with specific antibodies against measles prior to the start of HAART, 
14 (40%) lost their specific antibodies over time; mumps antibodies were lost I 11 
(38%) of 29 and rubella antibodies by 5 (11%) of 45 the seropositive children (Table 2). 
The decline in total-IgG and the decline in specific antibodies against MMR were not 
correlated (r=0.9, p=0.7; r=0.3, p=0.13; r=0.2, p=0.24, respectively). The decline in total-
IgG and the decline in specific antibodies therefore seemed unrelated to each other. 

After numerical and functional immune reconstitution as a consequence of HAART, 
the loss of specific antibodies was not anticipated. Several variables were tested « a 
correlation with the defective humoral B cell memory response; age-adjusted CD19 
B cell and CD4+ T helper cell counts, HIV load at start of HAART, age at si: of 
HAART, mode of transmission, and gender. None of these variables correlated wit'1 the 
loss of specific antibodies against all 3 MMR components taken together. In contrast 
to the analysis for the MMR components combined, children who lost their mi îles 
antibodies were younger than children with sustained antibodies (median 2.5 v.-. 6.2 



year i (p=0.04), when these components were analyzed separately. With the rather 

surprising exception of measles antibodies, almost all HIV-1-infected children who 

shoY- ed a loss of specific antibodies during follow-up against mumps and rubella already 

demonstrated lower antibody titers at baseline. Only in case of rubella this difference in 

antibody titers at baseline reached significance, comparing the HIV-1-infected children 

who lost these specific antibodies with those who sustained their specific antibody titer 

(mec.ian 18.1 vs. 73.9 I U / m L (p= 0.006)) (Figure 2A-C). These data suggest a weaker 

response upon primary vaccination before the start of HAART. 
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Fig Baseline serology in children who lose specific antibodies and children with sustained antibodies. In 
A M >les antibodies at baseline (Arbitrary Units). In B. Mumps antibodies (Arbitrary Units). In C. Rubella 
antibi iies (International Units). Rubella titers at baseline were lower in children who lost these specific 

ies than in children who had sustained antibodies (p= 0.005). In D. CMV antibodies (Arbitrary Units). 
' I ters at baseline were lower in children who lost these specific antibodies than in children who had 

:d antibodies (p<0.001). In E. VZV antibodies (International Units) at baseline. 



Looking at vertical (n=52) and sexual (n=7) infection separately, one of the sexually 
infected adolescents was found to lose antibodies against a single component < the 
MMR vaccine during follow-up whereas 26 vertically infected children lost antibodies 
against at least one component (p=0.22). 
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Responses to vaccination during the treatment with HAART. 
During this prospective study 3 additional HIV-l-infected children were vaccinated 
for the first time at the age of 14 months as part of their routine vaccination (RVP). 
HAART had been started prior to MMR vaccination and at vaccination immunity 
was already reconstituted in these 3 children. All responded well and showed complete 
seroconversion against all three MMR components. However, one child lost specific 
antibodies against mumps and another lost both mumps and measles antibodies during 
continuous treatment with HAART within the following 177 to 244 weeks after 
vaccination, respectively. 

In contrast, 15 children received a second MMR immunization during the treatment 
with HAART because of the lack of specific antibodies against one or more components 
after their primary vaccination. Revaccination took place prior to the planned standard 
vaccination according to the RVP at 9 years of age. Characteristics of these children at 
the time of vaccination are shown in Table 3. Median age of the children was 7.3 - irs; 
median CD4+ T cell count prior to vaccination was 1050 cells/u.L (interquartile r- nge 
(IQR) 830-1190). For these, the median time between the start with treatment and the 
date of vaccination was 119 weeks. Of the 10 children negative for the measles component 

Table 3. Characteristics of children revaccinated against MMR during HAART. 

N 15 
Age (median (IQR)) 

CD4+ T cell count (median cells/uX(IQR)) 

Weeks after start HAART (median (IQR)) 

Weeks between vaccination and serology testing (median (IQR)) 

7.3 (4.2-9.0) 

1050 (830-1190) 

119 (47-203) 

48 (19-93) 

IQR: Inter quartile range 

Table 4. Effect of re-immunization against MMR during HAART. 

Serology at start HAART, 
after first vaccination 

Re-immunization Serology after re-immunizati 

during HAART 

Positive (n=5) 
Positive- (n-5) -> 

(n=5) 

measles 
(n-5) 

Negative (n=0) 
Positive (n=6) 

Negative (n-10) -» 
(n=6) 

Negative (n=4) 
Positive (n=5) 

Positive (n-6) -> Negative (n=l) 
mumps 

Negative 
mumps 

Positive (n=8) 
Negative (n-9) -> 

(n=8) 

Negative (n-1) 
Positive ;n=9) 

Positive (n-10) ^ 
;n=9) 

rubella Negative 

Positive 

(n-1) 

;n=4) 
Negative (n-5) -> Negative (n=l) 
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Fig. 3. Serologic reaction upon booster MMR 
'on. Measles, mumps and rubella serology 

pre- d post-booster vaccination during treatment 
with HAART. 

prior to HAART, 6 (60%) seroconverted, 8 
of 9 (89%) tor mumps and 4 of 5 (80%) 
for rubella (Figure 3). Antibodies against 
mumps and rubella - while detectable 
before revaccination — were no longer 
detectable after vaccination in one child 
(Table 4). 

Longitudinal analyses of serology 
against CMV, EBV and VZV. 
We compared the loss of specific 
antibodies against the live-attenuated 
vaccine strains with the humoral response 
against natural viral pathogens, i.e. VZV, 
CMV and EBV Specific IgG antibodies 
against VZV were detected at start with 
HAART in 34 children (Table 2). During 
the treatment with HAART 7 children 
(21%) no longer showed detectable levels 
of VZV antibodies upon follow-up. CMV 
antibodies were detected in 45 children at 
baseline, which were no longer detectable 
in 3 (7%) children. In contrast, none of 
the 53 children with EBV VC A antibodies 
at baseline lost these antibodies during 
treatment with HAART. CMV antibody 
titers were significantly lower at baseline 
in HIV-infected children who lost these 
specific antibodies compared to the 
children who sufficiently sustained the 
specific antibody level (median 62.2 vs. 
250 AU/mL (p<0.001)) (Figure 2 D and 
E), but did not differ in age. In contrast, 
children who lost their VZV antibodies 
were relatively younger than children with 
sustained antibodies (median 4.1 vs. 5.3 
years (p= 0.04)). 

Discussion 

In the present study we evaluated the 
serologic responses against the live 
attenuated viral strains of the MMR 
vaccine as well as naturally occurring 
common viral infections in HIV-1 
infected children (i.e. VZV, CMV, and 
EBV). We demonstrate that only 43% of 
the HIV-infected children had specific 
antibodies detectable against all three 
MMR components at baseline. During 
treatment with HAART, about 40% of 
the children lost specific MMR-antibodies 
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present at baseline despite immune reconstitution. Although less frequently, specific 

antibodies against naturally occurring V Z V and CMV were also lost in 2 1 % and 7% of 

the children, respectively. 

The discordant MMR responses prior to antiretroviral treatment are in line with the 

findings in the pre-HAART era [3]. However, the low rate of seropositivity and the loss 

y of specific antibodies is in clear contrast with our previous cross-sectional study in over 

§< 200 healthy children of mixed racial background, in which we found that more than 

U 90% of the children had specific antibodies against all three MMR components above 

84 t n e a g e 0 f 3 years, further increasing to 100% after routine re-immunization at 9 years 

rt of age [8]. In a longitudinal study in more than 350 healthy children, specific antibodies 

against measles and rubella, when regularly measured over a period of 12 and 15 years, 

w respectively, remained positive in 99-100% of the children [12,13]. Mumps antibodies 

were positive in 86% of the same after 9 years of follow-up [14]. These longitudinal data 

in pediatric controls support the relevance of the increased loss of specific antibodies in 

our cohort of HAART-treated children, irrespective of the immune reconstitution and 
O 

TB normalized age-adjusted C D 4 + T cell counts upon HAART. 
Age was not found to correlate with the loss of specific antibodies in our cohort. 

u 
S Therefore a relation between time since vaccination and start of H A A R T is not likely. 
V 
O-
'S> 

'-£ While being on HAART, HIV-l-infected children also showed vaccine failure upon 

boosting. Revaccination resulted in seroconversion in only 60-85% of the children. 

Also in the pre-HAART era it was found that HIV-1-infected children demonstrated 

both primary vaccine failure and loss of antibodies after an initial response [4]. ïn a 

recent study of 18 children treated with H A A R T without evidence of measles antibodies 

at baseline after previous immunization, the seroconversion rate was 83% after re-

immunization [15]. Eleven children had antibody levels tested after 1 year of folli -up 

of whom only 8 (73%) showed sustained antibody levels. We further extend these data, 

showing that this loss of antibodies is not unique to measles [15-17], and is observed for 

wild-type viruses as well. In total, 27 children (46%) lost antibodies against at least one of 

the measles, mumps, rubella, VZV or CMV strains. Seventeen children lost antibodies 

against one, 5 against 2, 4 against 3 and 1 child lost specific antibodies against 4 of the 

above-mentioned viruses. 

Loss of specific antibodies determines an increased risk of serious infection. In areas with 

a high HIV-1 prevalence, HI V-1-infected children have high rates of mortality attribi ible 

to measles. Although the risk of waning specific antibody levels in communities with a 

high coverage rate of vaccination may be limited due to herd immunity, outbreaks still 

occur in the developed world [18]. Waning immunity can also be a potential problem 

for HI V-l-infected pregnant women who come in contact with rubella, VZV or ( VTV. 

Furthermore, in a study cohort of 1832 HIV-1-infected women an increased risk of 

shingles was found, irrespective of H A A R T [19]. After primary infection CMV and EBV 

persist for life and go into a stage of latency in epithelial tissue and immune cells from 

where they may reactivate unnoticed [20]. Whereas humoral immunity against EPA was 

not affected, CMV-specific antibodies were unexpectedly lost in 3 children. 

o 



Since the decline in total-IgG during H A A R T and the decline in MMR-specific 

antibodies are not correlated, these phenomena are unrelated and the consequence 

of different mechanisms. Hyper-IgG before start of H A A R T could be produced by 

low iditv polyclonal B-cell reactivity, while specific memory B-cells are exhausted 

due to inappropriate stimulation as well as the loss of antigen-specific C D 4 + T helper 

cells [21,22]. Dur ing HAART, an increase in total peripheral blood B cell counts was 

observed without any change in the relative memory B cell (IgD~ CD27+) fraction [data 3-

not shown]. However, B cell memory may not recover functionally, as indicated by our "H 

specific antibody data and supported by reports on defective B cell function in vitro ck 

[5,23,24], Since plasma cells originate from antigen-triggered B-cells, a shorter life span 85 -

of plasma cells in HIV-infected children may result in the decline in specific antibody 0 

[25], which is a completely uninvestigated issue. Similar findings on vaccination o 

responses and the loss of specific antibodies have been reported after chemotherapy -Q 

and bone marrow transplantation [26,27]. The nature of the immune reconstitution is of 

course different in these settings. o 

70 

er 
T\Y' nportant issues warrant further study. First, VZV-specific cell-mediated immunity E. 
has been shown to be unresponsive to H A A R T [28]. Thus, waning immunity against 

YZ\ may be both humoral and cellular in nature. Although beyond the scope of this 

stud . proliferation tests against MMR and herpes viral antigens over time should give tra 

more insight in the biology of the loss of specific antibodies. Secondly, the order of H I V 

infection and prior vaccination status may be important for the induction of long-lasting 

B cell memory. Studies in adults should be performed to find evidence for the impact of 

"time of infection". 

A shortcoming of this study is the lack of a control group of healthy children followed 

prospectively. Such a control group was considered unethical for the longitudinal 

nature and multiple venapunctures in healthy children required for direct comparisons. 

Although MMR serology data in longitudinal cohorts of healthy children were reported 

pK lusly [8], showing that 86-100% of the children maintained specific antibodies 

ovet a period of 9-12 years when measured every 1-3 years, this was at the time of 

vaccine introduction and the role of boosting by (sub clinical) exposure to the wild-

typ« irus disease is difficult to assess. Using the same assays, our own cross-sectional 

study in healthy children (admitted to the hospital for unrelated minor trauma or 

elective surgery) indicated good levels of seroprotection [8]. MMR vaccination is part 

standard vaccination program in the Netherlands covering more than 95% of all 

children since its national introduction in 1987. Only rarely, local outbreaks confined to 

small regions occur in the Netherlands, which are neither considered to have any impact 

on the general population nor on the serology against all three MMR components. 

The loss of specific antibodies as observed in more than 40% of HIV-infected children 

tot seem to occur to the same extent in healthy children. It still remains unclear 

er the loss of specific antibodies poses a real threat to HAART-treated children. 

Regular testing for the loss of specific antibodies in HIV-infected children seems 
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mandatory. Repeated immunization may further support antigen-specific CD4+ T cell 
help in maintaining memory B and plasma cell function, irrespective of HAART. 
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Abstract 

Objective: To analyze the effect of viral co-infections on immune reconstitution in HIV-1 
infected children (< 18 years) taking highly active antiretroviral therapy. 

Results: Prior cytomegalovirus (CMV) infection correlated with an increased number 
of CD8+ effector T cells (i.e. CD45RA+CD27~) at baseline (CMV-seropositive vs. 
CMV-s eronegative patients; p=0.009), as well as an increased state of T cell activation 
as defined by HLA-DR and CD38 expression. The expansion of effector CD8+ T 
cells persisted over time, independent of the HIV response to HAART Numbers of 
CD8+ effector T cells were significantly higher in patients with CMV replication as 
reflected by persistent urinary CMV shedding and periodic CMV DNAemia (p=0.02). 
These patients also showed an increase in CMV-specific antibodies compared to those 
without CMV shedding (p=0.007). The number of CMV-specific interferon-y (IFN-y)-
producing CD8+ T cells was lower in children who persistently shed CMV compared 
to those who did not (p=0.02). In contrast, CMV-specific CD4+ T cell responses were 
detected at similar levels in both groups. o 

-Q 
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Conclusions: In HIV-1-infected children, CMV infection correlated with the outgrowth of 
CD8+CD45RA+CD27~ effector T cells. Activation of the immune system by persistent 
CMV secretion resulted in increasing CMV-specific IgG and higher numbers of < D8" 
effector T cells. Despite these increases, the CMV-specific IFN-y-producing CD8T 

T cell response was diminished, which could explain the inability to suppress CMV 
completely in 41% of HIV-1-infected children. 



Introduction 

Absolute C D 4 + T cell numbers recover more rapidly following suppression of HIV 

replication by highly active antiretroviral therapy (HAART) in children compared with 

adults. In contrast, C D 8 + T cell numbers do not change over time during treatment [I]. 

91 

CD8+ cytotoxic T lymphocytes are recognized as important in combating intracellular 

infections, such as with viruses. Using a combination of phenotypic markers C D 8 + 

T cells can be divided into different subsets. In this study, the phenotypic marker 

CD27, which is downregulated upon interaction with its ligand CD70, is used with 

CD45RA to divide C D 8 + T cells into four different subsets: CD8 + CD45RA + CD27 + g 

n;i! i, CD8 + CD45RA"CD27 + (memory), CD8 + CD45RA-CD27- (memory/effector) 4 

and CD8 + CD45RA + CD27" (effector) T cells [2]. Although the sequential development % 

of CD8+ T cells during primary infection in mouse was shown to go from naive to '£_ 

effectoi and then to memory [3], during chronic viral infections in humans, a sequential 

maturation pattern has been suggested to follow the path from naive to memory and via 

memory/effector to effector [4]. g 

3 

Herpesviruses, such as cytomegalovirus (CMV), Epstein-Barr virus (EBV) and varicella 

zoster virus (VZV), establish latency after initial infection. These latent infections have 

the potential to reactivate. CMV is a frequent infection in HIV-1-infected children 

[5,6]. In the p re -HAART era, children infected with both CMV and HIV-1 were more 

likcl to have disease progression, than children who were seropositive for HIV-1 only 

|~|. -en in the era of HAART, CMV is associated with an increased risk of disease 

pri ssion to AIDS and decreased survival [8,9]. 

In a healthy pediatric population, CMV seroprevalence at the age of 18 years was found 

to reach 75% [10]. In this control population, it has been shown that CMV infection 

is associated with the outgrowth of CD8 + CD45RA + CD27" effector T cells. Since 

we and others have found that CMV-specific C D 8 + T cells are preferentiallv of the 

CD45RA+CD27~ phenotype [4,10-12], it seems likely that CMV relates to these C D 8 + 

effe< or T cell expansions. 

The present study analyses the effect of CMV infection and replication on C D 8 + T cell 

differentiation in HIV-1-infected children taking H A A R T To our knowledge, this is 

the first study to describe CMV-related immune reactivity in HIV-1-infected children 

associated with persistent CMV replication. 

Methods 

Patients 

The \msterdam pediatric HIV-1 cohort consists of children and young adolescents 

under the age of 18. The present study comprised all children who started H A A R T 

file:///msterdam
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between 1997 and 2002. The Medical Ethical Committee approved this study and all 
caregivers gave written informed consent. 

Blood samples 
Blood and urine samples were obtained at each visit at intervals of 2-4 months. Serology 
for CMV was performed at start of HAART. If positive, the test was repeated at least 
48 weeks thereafter. If negative, serological analysis was performed upon each visit until 
seroconversion. 

92 Serology 
CMV antibodies were defined by Axsym assays (Abbott Diagnostics, Amstelveen, 
the Netherlands) and expressed as arbitrary units. All tests were performed following 
the instructions of the manufacturers. Seropositivity was defined by the presence of a 
positive specific IgG after the age of 12-18 months or by CMV-specific IgG remaining 
positive during follow-up in order to exclude the confounding contribution of maternal 
antibodies in the very young. 

g Culture of cytomegalovirus 
Patient urine was cocultivated with human diploid fibroblasts for culture of CMV 

•B according to standard procedures. Repeated cultures were done prospectively in 32 CMV-
— seropositive children. Prolonged CMV shedding was defined as the presence of at least 
" two positive CMV cultures after more than 36 weeks on HAART A patient was defined 

as definitively negative if two urine cultures were negative at an interval of 2 months after 
more than 36 weeks on HAART, while secreting CMV at the start of HAART 

Lymphocyte subsets and enumeration of cytotoxic effector cells 
Numbers of B cells (CD19+), T cells (CD3+) and subsets (CD3+CD4+, CD3+CD8+) 
were determined by standard procedures using FACScan (Becton Dickinson, San 
Jose, California, USA). Activation and maturation of the CD4+ and CD8+ T cells 
were determined using monoclonal antibodies against HLA-DR (Becton Dickinson), 
CD38, CD45RA (Coulter Immunology, Paris, France) and CD27 (Sanquin Reagents, 
Amsterdam, the Netherlands). 

Flow cytometry and intracellular IFN-y staining after 
antigen-specific stimulation 
Peripheral blood mononuclear cells were stimulated either with 2 pg/ml 15-mer 11 
amino acid residue overlap CMV-derived pp65 peptide pool, or with CMV lysate 10 
(il/ml (Microbix Biosystems, Toronto, Canada) in the presence of anti-CD28 (Sanquin 
Reagents) and CD49d (Becton Dickinson) for 6 h. After 1 h, brefeldin A was added. 
Subsequently, cells were stained with anti-CD27, CD45RO and either CD8 or CD4; 
after fixation and permeabilization, the cells were stained intracellularly with anti-
IFN-y (Becton Dickinson). A FACSCalibur flowcytometer (Becton Dickinson; was 
used to acquire 200.000-400.000 events. For clarity of interpretation, CD45RCT and 
CD45RO" were considered as CD45RA~ and CD45RA+, respectively. For intracellular 



I FN -y measurements, the number of responding T cells was calculated after subtracting 
negative control values. 

Plasma HIV-1 R N A determination 
Plasma HIV-1 RNA concentration was determined either using Nuclisens HIV-1 
R\ QT (Biomérieux, Boxtel, the Netherlands) or Versant HIV-1 RNA 3.0 (Bayer, 
Tar cown, NY, USA). All tests were performed according to the instructions of the b 
manufacturers. HIV-1-RNA below 400 copies/mL was considered undetectable. *g 

Statistical analyses "* 
Statistical analyses were performed using SPSS for Windows version 11.5 (SPSS, Chicago, ü 
Illinois, USA). All p-values were two-tailed and values <0.05 were considered statistically 
significant. Continuous data were analyzed using a Mann-Whitney-U test. Categorical ç> 
data were compared with a Fisher's exact test. A paired sample t-test was used to analyze 
differences between baseline and 48 weeks of follow-up. Correlation was tested using 
the Spearman's correlation test. Univariable and multivariable logistic regression models 
were used to identify independent factors associated with T cell numbers above the 
median of the group, using a stepwise backward model. 
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Results 

Population characteristics and response to antiretroviral therapy % 
The study comprised 52 HIV-1-infected children who started HAART between 1997 
and 2002. All children had completed a follow-up of 48 weeks on treatment at the time 
of analysis. Table 1 shows baseline characteristics of the cohort. Plasma HIV-1 RNA was 
initially suppressed below detection levels in 49 of 52 children in a median of 9.1 weeks 
(interquartile range (IQR) 3.4-18.9). After 48 weeks, 44 children still had undetectable 
plasma HIV RNA. Median CD4+ T cell numbers increased from 480 to 1185 cells/uL 
during 48 weeks of follow-up (p<0.001). 

Cytomegalovirus infection and CD8 + T - cell differentiation 
Since CMV-infection was associated with faster progression to AIDS and with the 
outgrowth of CD8+ effector T cells, CMV-seropositive children in our cohort were 
compared with CMV-seronegative children. 

I hi -seven children had contracted CMV before initiation of HAART. Three patients 
inverted during treatment and all others remained seronegative during follow-up. 

Me in age at baseline did not differ between CMV-seropositive and CMV-seronegative 
children (4.7 vs. 4.8 years, p=0.5), as was the case for sex (male patients 43'/» vs. 47%, 
p=1.0). Plasma HIV-1 RNA at baseline did not differ between CMV-seropositive and 
CM -seronegative children (5.0 vs. 4.6 log copies/mL, p=0.12). Furthermore, children 
not able to suppress HIV replication during 48 weeks on HAART were equally present 
in the CMV-seropositive and seronegative group (5/37 vs. 1/12, p=0.54). Table 2 shows 
immunophenotypic comparisons of CMV-seropositive and CMV-seronegative children. 



Table 1. Baseline characteristics of study patients at start HAART 

O* 

patients 52 

Median age, years (range) 5.0 (0.8-17.9) 

Race/ethnicity (white vs. non-white) 5/47 

Sex (female/male) 29/23 

Mode of transmission (vertically vs. sexually) 43/9 

CDC-classification, n* 

Non C 29 

C 23 

U Prior treatment 

94 None 37 

ö Mono/Duotherapy 15 

g Median CD4+ T cell number (cclls/uT) (IQR) 480(175-835) 

' | Median CDS' T cell number (cells/uL) (IQR) 1230 (763-2203; 

~ Median CD4+T cell % (IQR) 17.0(11.0-24.0) 

•~ Median CD8+ T cell % (IQR) 49.0 (33.5-60.0) 

.0 Median Plasma IIIV-1 RNA (log copies /rriL (IQR)) 4.95 (4.25-5.78) 

Median follow-up, weeks (IQR) 192 (103-271) 
o Number with IgG positive for 

3 

Cytomegalovirus 37 

Epstein-Barr virus 45 

Varicella zoster virus 27 

^Clinical categories as defined by the US Centers for Disease Control and Prevention (CDC) [30]. 

H The absolute CD8+ effector T cell number was higher in CMV-seropositive compared 
with the CMV-seronegative children at baseline (p=0.009); this persisted after 48 weeks 
(p<0.001), and was still present after 96 weeks on HAART (median 406 vs. 53 cells/uL, 
p=0.001; data not shown). Comparing the fraction of each of the subsets showed that 
in CMV-seropositive children at baseline only CD8+CD45RA+CD27~ effector T cells 
were higher (Table 2). After 48 weeks on HAART the CD8+CD45RA"CD27-memory/ 
effector T cells were also higher. In contrast, the naive CD8+CD45RA+CD27+ T cells 
were lower in CMV-seropositive children. 

Cytomegalovirus-associated outgrowth of effector T cells and 
chronic immune activation 
To test whether CMV infection was associated with chronic activation of the immune 
system, the activation markers HLA-DR and CD38 were analyzed on CD4+ and CD8+ 

T cells. CD4+HLA-DR+CD38+ T cells at start of HAART were higher m CMV-
seropositive than m CMV-seronegative children (p=0.02). CD8+HLA-DR+CD38+ T 
cells were increased, almost significantly, in CMV-seropositive compared with I iV-
seronegative individuals at baseline (p=0.07) (Table 2). Differences in both CD4"r and 
CD8+ compartments disappeared during follow-up. 

At baseline, absolute numbers of CD8+ effector T cells correlated with CD4+ T cells 
(r=0.45, p=0.005) and activated (HLA-DR+CD38+) CD4+ and CD8+T cells (r=0.71 and 
r=0.82, p<0.001), which persisted in the activated CD8+ T cells after 48 weeks (r=0.61, 
p<0.001). In contrast, age and plasma HIV-1 RNA did not correlate with CD8+ effector 
T cell numbers. 



Tabic 2A. T cell phenotype (median cells/uL) CMV-seropositive (n=30) vs. CMV-seronegative patients 

(n=12). 

Baseline p-value 48 weeks p-value 

CMV+ vs. CMV CMV+ vs. CMV-

CD-I ', total 585 vs. 4U0 0.29 1125 vs. 1150 0.66 

CD8+, total 1280 vs. 1230 0.22 1530 vs. 1130 0.09 

CD45RA+CD27+ 472 vs. 369 0.41 724 vs. 773 0.98 n 
CD45RACD27* 452 vs. 186 0.20 348 vs. 328 0.62 — 
CD45RACD27 154 vs. 69 0.03 83 vs. 18 <0.001 re 
C1)45RA+CD27 369 vs. 101 0.009 323 vs. 41 <0.001 -~J 

1 7 (CD45RA+&CD45RA) 605 vs. 158 0.02 423 vs. 59 <0.001 95 
n a 
CO 

+ 
' i HI.A-DRCD38+ 82 vs. 35 0.02 112 vs. 99 0.59 

95 
n a 
CO 

+ 
CD? H1.A-DR+CD38+ 640 vs. 308 0.07 347 vs. 192 0.20 n 

Tabic 2B. T cell phenotype (median %) CMV-seropositive (n=30) vs. CMV-seronegative (n: -12) patients. 

'X. 

w 

Baseline p-value 48 weeks p-value O 

erg CMV+ vs. CMV- CMV+ vs. CMV-

O 

erg 

CD 

CD45RA+CD27+ 28 vs. 48 0.2 47 vs. 65 <0.001 
r-r 

CD45RACD27+ 31 vs. 38 0.6 20 vs. 26 0.2 5' 
CD45RACD27- 10 vs. 7 0.2 6 vs. 2 <0.001 

CD45RA+CD27 22 vs. 5 0.006 23 vs. 3 <o.ooi 5' 

Primary cytomegalovirus infection during H A A R T 
o ' 
o 
r-t 

o' 
Th girls seroconverted for CMV during treatment with HAART, fn patient Vand B, 
the number of CD8+CD45RA+CD27" T cells increased and stabilized at a level above 
baseline (Figure 1A and B). Patient C developed acute CMV infection, when she only 
had a CD4+ T cell count of 6 cells/uL. The number of CD8+CD45RA+CD27- T cells 
did not increase above the cut-off of 20 cells/uL (Figure 1C). She was treated with 
gancvclovir. Hepatic dysfunction and cachexia progressed, and she developed a fatal, 
multidrug-induced liver failure. 

Cytomegalovirus serology and shedding in urine during latency 
After infection, CMV remains dormant in the kidneys. Urinary shedding is a marker of 
CM \ replication. After congenital infection it can be found for up to 10 years (13]. In 
healthy asymptomatic children and adolescents, urine samples are intermittentlv positive 
for CMV up to 30 weeks after primary infection [14J. 

Bas< 1 on this report an extended period of 36 weeks as arbitrary cut-off for persistent 
shedding was chosen. Regular urine tests for CMV were prospectively performed 

in 32 of 37 CMV-seropositive children: 13 (41%) 11 boys and two girls, had persistent 
CMV shedding and 19 (59%), three boys and 16 girls, had negative urine cultures 
(p<0.001). CMV secretors were younger than non-secretors (median 5.3 vs. 1.0 years, 
p=0.001) (Figure 2A). This difference in age and gender was also present when only 
the 2 7 vertically HIV-1-infected children were analvzed (p=0.007 and p=0.002, 
respectively). Furthermore, CMV-specific IgG increased in CMV secretors and stabilized 
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Figure 1. Primär)1 CMV infection during 
treatment with HAART. Absolute CDA*, CD 
and CD8+CD45RA+CD27" T cell numbers 3 
patients seroconverting for CMV. Arrows indicate 
time of seroconversion. 

in non-secretors (median 73.3 vs. 0.00 arbitrary units/mL; p=0.02) (Figure 2B). Among 

patients with prolonged viral secretion, five were positive for CMV D N A as mea red 

by quantitative PCR on whole blood, compared to none in non-secretors. 

Apart from the single patient mentioned earlier and illustrated in Figure 1C, none of the 

patients developed clinical CMV-related disease that needed treatment under HAART. 

Cytomegalovirus shedding in the urine and T cells 
At baseline, total numbers of CD4+ , CD8 + T cells, and CD8 + effector T cells were not 

different between secretors and non-secretors (Figure 2C, left panel). In contrast, 36 \ eks 

after the initiation of H AART, CMV-secrcting patients had a higher number of total C 

T cells (p=0.01). This was also true for total CD8 + T cells (p=0.003), CD8+CD45RA+Ci: 

effector T cells (p=0.01) (Figure 2C, right panel) and CD8 + CD45RA + CD27 + naive T 

cells (median 1067 vs. 484 cells/uL, p=0.006) in CMV secretors vs. non-secretors. These 

differences persisted until 96 weeks of follow-up (data not shown). 

The relative fractions of each of the subsets within the C D 8 + T cells were not din rent 

between secretors and non-secretors at any time (data not shown). This finding 

underscores the idea that continuous replication is associated with absolute numbers of 

effector T cells instead of relative changes in subset distribution. 

The median number of CD8^CD45RA + CD27" T cells (421 cells/uL) and naive 

CD8 + CD45RA + CD27 + T cells (710 cells/uL) at week 36 for all CMV-seropositive 

children was used to define binary variables, above or under the median. In a univan 
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Figure 2. Age, differences in CMV IgG, and T cell subsets in relation to CMV shedding. In A, age at start 
of therapy and CMV secretion (years), horizontal Lines represent median of the groups (non-secretors vs. 
secretors; median 5.3 vs. 1.0;p=0.001). In 13, differences in CMV IgG between time before start with HAART 
and minimal 48 weeks on HAART (median 73.3 vs. 0.00; p=0.02), horizontal lines represent medians of 
the groups. In C, absolute numbers of T cell subsets in CMV non-secretors (—) (n=14) and secretors (+) 
(n=l 1) at week 0 (left panel) and week 36 (right panel). Shown are median cells/uL (IQR and range). Higher 
numbers of total CD4+ T cells (median 1535 vs. 630 cells/uL, p=0.01), activated CD4+HI.A-DR+CD38+ 

T cells (medianl68 vs. 64 cells/uL, p=0.049), total CD8+ T cells (median 2365 vs. 1310 cells/uL, p=0.003), 
CD8 CD45RA+CD27- effector T cells (median 650 vs. 270 cells/uL, p=0.01) and CD8+CD45RA+CD27+ 

naiv« (" cells (median 1067 vs. 484 cells/u.L, p=0.006) were found in CMV secretors vs. non-secretors at 36 
wi after the start of HAART. 
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analysis, prolonged CMV shedding (odds ratio (OR) 7.9 [95% CI 1.1-56.1]; p=0.04) and 
male gender (OR 7.5 [95% CI 1.3-43.0], p=0.02) were associated with a higher chance 
of increased numbers of CD8+CD45RA+CD27" T cells. In contrast, age, HIV RNA at 
36 weeks, CDC classification at presentation, and prior varicella zoster virus or EBV 

ion gave no higher chance of CD8+CD45RA+CD27~ numbers > 421 cells/uL. A 
multivariable regression model showed that CMV secretion was the only predictor of 
having a high number of CD8+ effector T cells at week 36 (OR 7.9; p=0.04). There was 
no two-way interaction found between gender and CMV secretion. 
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In a univariable analysis, male gender (OR 5.1 [95% CI 1.0-26.8]; p=0.06) and age 
(OR 0.8 [95%CI 0.6-0.9]; p= 0.007) were associated with a higher number of naive 
CD8+ T cells and not CMV shedding. In a multivariable analysis, age was the only 
independent predictor of the number of naive CD8+ T cells (OR 0.6 [95%CI 0.3-0.91; 
p=0.03). Therefore, in contrast to CD8+ effector T cells, high naive CD8+ T cells 
were independently associated with younger age. The same association was found in 
a multivariable analysis for the total (p=0.03), naive (p=0.04) and memory (p=0.fJ4) 
CD4+ T cells at 36 weeks. 
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Cy »megalovirus-specific T cell responses 
Th( number of IFN-y-producing T cells can be used as a measure of the number of 
virus-specific T cells present in the blood. To study CMV-specific T cell immunity, 
IFN-y production by CD4+ and CD8+ T cells was measured after stimulation with 
ither CMV lysate or a peptide pool derived from the immunodominant pp65 antigen 

in 16 CMV-seropositive children: eight secretors and eight non-secretors. Neither 
abs lute numbers nor percentages of CMV-specific IFN-y-producing CD4+ T cells 
\u different in secretors vs. non-secretors (Figure 3A, and data not shown). In 
contrast to the increased total CD8+ T cell numbers and its CD45RA+CD27" effector 
subset in CMV secretors, the numbers of CMV-specific IFN-y-producing CD8+ T cells 
were lower in CMV-secretors compared to non-secretors (median 6.1 vs. 13.6 cells/uL, Ü 
p=0.02) (Figure 3A). Also, lower numbers of IFN-y-producing CD8+CD45RA+CD27~ J 
effector T cells were found in CMV secretors compared with non-secretors (median 
1.0 vs. 3.8 cells/uL, p=0.04) (Figure 3B), as was true for the CD8+CD27- T cells in 
children with prolonged CMV shedding (median 2.0 vs. 6.0 cells/uF, p=0.01). Whereas 
II /-producing T cells were equally detected in the CD27+ (median 53.5%) as in the 
CD2 '- subset (median 46.8%) in patients with complete CMV suppression, patients & 
with persistent CMV shedding showed a difference in favor of the CD27+ (median 62%) 
over the CD27~ subset (median 36.7%) (p=0.04) (Figure 3C). Age was not associated 
with the number of IFN-y-producing CD8+CD45RA+CD27- T cells. Together, these 
findings may suggest an incomplete functional differentiation of CMV-specific CD8+ T 
cells despite a higher frequency of total CD8+ T cells with an effector phenotvpe. 

As a control, the EBV-specific CD8+ T cell responses in the same patients upon 
stimulation with an EBV-lytic antigen derived BZLF-1 peptide pool were compared 
be! een the two groups; there were no differences in the numbers of IFN-y-producing 
T cells (data not shown). 

Discussion 

In the present study, the kinetics of CD8+CD45RA+CD27~ effector T cells were analyzed 
in HIV-1-infected children treated with HAART. In healthy children, a significant 
association between the number of circulating CD8+CD45RA+CD27~ T cells and CMV 
seropositivitv was found [10]. In HIV-1-infected children, we now demonstrate, that 
the aitgrowth of these CD8+ effector T cells is similarly related to CMV, as is further 
exe plified bv the kinetics of these cells in patients with acute CMV infection under 
HAART. 

In our cohort, there was no difference in CD4+ or CD8+ T cell numbers at baseline 
and during follow-up between the CMV-seropositive and seronegative group, although 
CD4+ and CD8+ T cells were more activated in children with prior CMV infection as 
indicated by CD38 and HF A-DR expression. This difference in activation state between 
these two groups disappeared after initiation of HAART A correlation between 
activated CD8+ T cells and CD8+ effector T cells was found both at baseline and after 
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48 weeks of follow-up. In contrast, such correlation was not found with plasma HIV 

RNA at any time. These data demonstrate that in HIV-1-infected children, apart from 

the effects of HIV itself, ongoing CMV replication may contribute to chronic alteration 

of the immune system. 

CMV-seropositive but otherwise healthy children have been found to have a median 

of 67 cells/uL C D 8 + effector T (mean 85 cells/uL [10]), which is much lower than the 

median of 369 cells/uL at baseline and 323 cells/uL after 48 weeks H A A R T fou 

our cohort of HIV-1-infected children. In the same study it was found that children 

— 100 w n o hac] primary CMV infection prior to organ transplant had a median of 74 cells/uL 

C D 8 + effector. In contrast, children who had primary CMV infection during treatment 

with immunosuppressive therapy had a median of 413 cells/uX C D 8 + effector T. This 

suggests that the ability of the immune system to suppress CMV is inversely correlated 

with the number of C D 8 + effector T cells. This is in line with our finding that HIV-1-

infected CMV-seropositive children had higher numbers of C D 8 + effector T cells and 

part of them showed continuing replication of CMV and mucosal shedding that was 

c associated with the outgrowth of this subset. 

> 

g Of the prospectively tested HIV-1-infected children, 41% showed persistent CMV 

•§ secretion in the urine for more than 36 weeks after start of HAART, irrespect: of 

= plasma H I V RNA at baseline or after 48 weeks. CMV replication was reflected by 

£ persistent secretion of CMV in the urine, and periodic CMV D N A in the peripheral 

oo blood. Furthermore, CMV secretors showed increasing titers of CMV-specific IgG 

and increased numbers of C D 8 + effector T cells while CMV-specific IFN-y-producing 

C D 8 + T cells were reduced, when compared with non-secreting patients in our cohort. 

These data suggest inadequate cellular immunity to CMV in children with prolonged 

secretion. Tu et al. [15] found that after CMV infection in very young children, CD4 + T 

cell responses were diminished in a selected group that secreted CMV after 1-2 cs, 

while C D 8 + T cell responses were comparable to adults. In contrast, our results in V-

1-infected children showed that CMV secretion was associated with a decreased number 

of functional CMV-specific IFN-y-producing C D 8 + T cells in the presence of equal 

numbers of CMV-specific C D 4 + T cells. 

There are several explanations possible for our findings. First, reduced numbers of 

CMV-specific C D 8 + T cells can be explained by differences in distribution of these 

cells over the various anatomical compartments. CMV-specific cells may have bei me 

trapped in the target organs and draining lymph nodes, whereas the increase in ( 

effector T cells could represent an epiphenomenon. However, CMV-specific T cells 

are preferentially found in the peripheral blood instead of extravascular tissues [16], 

and redistribution did not seem to affect (CMV-specific) C D 4 + effector T cells in our 

study. Moreover, CMV-specific IFN-y-producing C D 8 + effector T cells were not able to 

suppress CMV replication completely. 

An alternative explanation would relate to CMV-specificity and responsiveness. The 

number of CMV-specific IFN-y producing T cells was significantly lower in children 



with prolonged CMV shedding. Despite a higher frequency of CD8+ effector T cells, 
incomplete functional differentiation of CMV-specific CD8+ T cells may be present 
[17]. This is in line with the finding that in HIV-1-infected male adults, progresses to 
AIDS with CMV end-organ disease showed increased CMV-specific-tetramer+CD8+ T 
cells, but fewer CMV-specific IFN-y producing CD8+ T cells [18]. 

Recent experimental studies [20-23] have revealed that ability of "unhelped" memory 
CD8+ T cells to produce IFN-y when restimulated was strongly reduced compared with 
"helped" memory CD8+ T cells. These experimental studies also demonstrated that 
restored CD4+ help (as seen under HAART) of previously "unhelped" memory CD8+ 

T cells did not remedy the defective CD8+ T cell response [20-25]. If CMV-specific 
CD4+ T cells are defective before HAART, CD8+ T cell responses start to fail and viral 
replication returns. In such a scenario, the increased antibody response in secretors may 
act to contain replication [24]. 

In addition, the naive CD8+ T cells and the total, memory and memory-effector CD4+ 

T cells seemed to expand more strongly in CMV-secretors than in non-secretors, but 
multivariable analysis demonstrated that this association was, in contrast to CD8+ 

efketor T cells, confounded by age and not related to CMV. The expansion of naive T 
cells upon HAART is assumed to be largely antigen-independent. Cytokines, such as IL-
7 and - t o a lesser extent- IL-15, may play a role [26-29]. Whether CMV infection and 
prolonged shedding results in increased cytokine levels or a different cellular sensitivity 
affecting selective outgrowth of certain T cell subsets, remains to be determined. 

In conclusion, our findings demonstrate that, similar to healthy age-matched controls 
[10], in HIV-1-infected children CMV-infection is associated with the outgrowth of 
CD8+CD45RA+CD27" effector T cells, which is not seen with other herpesviruses 
tested nor with II1V-1 itself. Endogenous stimulation of the immune system by 
persistent CMV secretion results in progressively increasing CMV-specific IgG and 

r numbers of CD8+ effector T cells. Despite these increases, the CMV-specific 
II -y-producing CD8+ T cell response is diminished, which could explain the inability 

Since HLA-typing precluded the use of the standard tetramer staining (i.e. HLA-A2, 
B7) to enumerate CMV-specific CD8+ T cells in our cohort, a functional read-out for 
CMV-specific activitv was used instead. Therefore, we cannot discriminate between 
the possibilities of an increase in' CMV-related CD8+ T cells with a virus-specificity 
different from CMV-pp65; an increased number of dysfunctional CMV-pp65-directed 
T e Us; or an indirect bystander phenomenon, being CMV related yet with little or no ^ 

C\ ' specificity. 8. 
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Ol r cellular functions remain to be studied. Virus-specific peptide-induced IFN-y £ 
production correlated with cytotoxicity against target cells loaded with the same peptides 
[19]. We describe, for the first time, that numbers of functional CMV-specific CD8+ eg 
T cells are reduced in CMV-shedding children compared to children that suppressed 

CM V replication. •. 
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Abstract 

Context: Epstein-Barr virus (EBV) is a widespread, persistent herpes virus that can 
transform B cells and is associated with malignant lymphomas. EBV dynamics and 
specific immunity in HIV-1-infected children are unknown. 

Results: In 74% of EBV-seropositive HIV-1-infected patients at start of HAART, we 
found EBV DNA levels comparable to those in acutely EBV-infected HlV-nei ive 
children. EBV load remained elevated in most HIV-1-infected children for months to 
years of follow-up. Frequencies of IFN-y-producing EBV-specific CD8+ T cells were 
comparable to healthy controls and antibodies against EBV nuclear antigens (EBNA) 
were detected in 73% of the EBV-seropositive children. Detectable EBV DNA was not 
correlated with HIV RNA levels or CD4+ T-cell increase upon start of HAART. Because 
of its reminiscence of chronic active EBV (CAEBV), we studied cellular tropism of 
EBV in these patients. EBV DNA was not only found in CD19+ B cells, but als at 
stable levels - in CD4+ and CD8+ T cells. 

Conclusion: Although the reason for T-cell tropism of EBV remains unclear, these data 
cQ may provide an explanation for the differential EBV dynamics in the presence of normal 

serology, as well as the long-term risk for the development of lvmphoproliferative 
a diseases in HIV-1-infected individuals. 
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Methods 

Subjects 

All children and adolescents with HIV-1-infection who started H A A R T between 

and 2004, who were followed-up in our institution and were not pregnant, were 

included in this study. Since H A A R T was introduced in 1997 as treatment of pediatric 

HIV infection, 54 children started treatment, 29 females and 25 males. The median 

age at start H A A R T was 3.8 years (Inter-Quartile Range (IQR) 1.2-7.0). Baseline 

characteristics of the patient cohort are shown in Table 1. The patients started HAART, 
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Introduction 

Epstein-Barr virus (EBV) is a widespread human y-herpes virus. Young children 

are mostly asymptomatic or experience non-specific symptoms during primary EBV 

infection. In adolescents and adults, EBV infection can cause self-limiting infectious 

mononucleosis [1]. After the initial increase in viral D N A in the blood, EBV establishes 

latency mainlv within the B cell compartment [2-4], with EBV D N A remaining 

detectable in a fraction of the memory B cells [5]. 
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In the absence of adequate immune control after hematopoietic stem-cell transplantation 

or after solid-organ transplantation, strongly elevated or increasing EBV loads constitute 

factor for the development of post-transplant lymphoproliferative disorders [6]. jî 

Similarly, EBV D N A is often detected at considerable levels in blood of HIV-l-infected 2 

patients and HIV-1-infected individuals are at increased risk of lymphoproliferative W 
disorders [7-10]. | 
However, most of the studies in HIV-1-infected patients are cross-sectional without H 

considering the role of H A A R T and have been performed in male adults. In these studies ~ 

the equence of infection, HIV prior to or following EBV, is unknown. Although it may 5 

be questioned whether the effect of H A A R T in adults is of any influence [11,12], the 

relevance of a prospective study in a well-characterized patients cohort is obvious, in 

particular at an age at which acute primary EBV infection often takes place. Although 

EBV infection is one of the important risk factors in HI V-l-infected children for 

developing lymphoproliferative disorders [13], studies on the dynamics of EBV in these 

children are lacking. 

It w as suggested that elevated EBV loads in HI V-1-infected adult patients was correlated 

with a loss of immune control [14,15]. Alternatively, EBV D N A may be elevated as a 

consequence of immune activation induced by acute HIV-1-infection [10]. However, 

until now, no biologic explanation for the elevated EBV levels in HIV-1-infected 

pa its has ever been given. In analogy with a syndrome known as Chronic Active I LBV 

(CAEBV) in children or adolescents [3], we investigated whether the cellular tropism of 

EBV is changed in HIV-1-infected children and if so, whether this would correlate with 

a failing immune system. 
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Table 1. Baseline characteristics 
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Children on HA \RT 

Number (n) 54 

Age at start HAART (years, median (IQR)) 3.8 (1.2-7.1 

Sex (m/f) 25/29 

HIV RNA (median log (IQR)) 4.84 (4.14-5.78) 

oo CDC-classification (n)* 

jj Non-C 30 

J- C 24 
U Weeks since start HAART 210(89-315 

108 EBV VCA IgG at start 

j> VCA positive 47 

— VCA negative 2 

,y VCA seroconversion 5 

*Patients were classified according to the clinical categories as defined by the US Centers for Disease ( inttol 
and Prevention (CDC) [30], from A to C, were C indicates the most severe cases. 
VCA: Viral capsid antigen, IQR: Interquartile range. 

H consisting of at least 1 protease inhibitor (PI) or non-nucleoside reverse transcriptase 
inhibitor (NNRTI) and 2 nucleoside analogue reverse transcriptase inhibitors (NRTI), 
and continued treatment for a median of 210 weeks (IQR 89-315). Two children died 
during follow-up, due to liver failure and due to electrolyte disturbances caused by s< ere 

.o infectious diarrhea, respectively. 

Otherwise healthy children who were VCA-IgG and EBNA-IgG positive, defined as 
having latent EBV, and symptomatic children with VCA-IgM antibodies in the absence 
of anti-EBNA-IgG, defined as acute EBV, were included as controls. In case more than 
one EBV DNA load measurement of these control children was performed, the h; lest 
was included in the analyses. 

The local ethical committee approved the study protocol. Written informed consei 
obtained from the parents or legal guardian. 

Samples 
Regular blood tests and immunophenotvping were performed as part of their clinical 
follow-up at intervals of 2-4 months. EBV PCR was done on prospectively collected 
samples as part of clinical follow-up and on frozen PBMCs. 

Lymphocyte subset determination 
Fresh human PBMCs were isolated from EDTA anti-coagulated whole blood sa 
by Ficoll-Paque densitv centrifugation (Pharmacia Biotech AB, Uppsala, S\v 
Numbers of B cells (CD19+), T cell (CD3+) and T cell subsets (CD3+CD4+, CD3+< 
were determined by standard FACScan procedures with monoclonal antibodies (Sa dn 
Research/CFB, Amsterdam, the Netherlands). 



EB 7 D N A PCR 
EBV DNA was amplified and detected using an end-point quantitative PCR with TBR-
labeled probes for wild-type EBV DNA and internal control DNA (IC), in a similar 
way as earlier described [16] . Primers (Biotinylated-EBV-1: 5'-TGC GTC GCC GGT 
GTG TTC GTA TA-3', EBV-2: 5'- GGT GGA AAC CAG GGA GGC AAA TC - 3 ' , 
amplimerlength: 329 bp) were diluted in TE buffer (10 mM Tris-HCl, 1 mM EDTA, pH 
8.0) to 100 ng/uL. The primer binding sites are situated in the EBNA-1 gene. The limit 
of detection of the assay was 80 EBV copies/mL of whole blood. In cases where whole 
blood EBV DNA data is missing and serology or EBV PCR on PBMCs was negative, 
the whole blood EBV DNA load was set at 1 for the analyses. 

Plasma HIV-1 R N A determination 
Plasma HIV-1 RNA concentration was determined by the use of the Nuclisens HIV-1 
R\ . QT (Biomérieux, Boxtel, the Netherlands) until 2001 with a lower detection limit 
of 400 copies/mL. After January 2001, the Versant HIV-1 RNA 3.0 (Bayer, Tarrytown, 
NY, USA) was used with a lower limit of detection of 50 copies/ml. All tests were 
performed according to the instructions of the manufacturers, for the present analyses 
all HIV-1-RNA below 400 copies/mL were considered as undetectable. 

Cell sorting 
Purified CD4+ T cells, CD8+ T cells and CD194" B cells were obtained by using multi
parameter magnetic cell sorting (MACS). Briefly, fresh PBMCs were thawed and after 
careful washing, the cell pellet was re-suspended in MACS-buffer. Cells were labeled by 
adding 20 uL CD19 MACS Beads (Miltenyi Biotech, distributed by Sanquin Reagents, 
Amsterdam) per 107 total cells and incubated for 15 minutes at 4°C. CD19+ B cells were 
separated using a positive selection column (type MS+/RS+) placed in a separator. After 

rig the column with MACS-buffer, the column was removed from the separator 
and the B-cells were eluted into a collection tube. The negatively selected cells were 
further separated by positive selection using CD4 and subsequent CDS MACS beads. 
As consequence B-cell contamination of the T-cell fractions was minimized. FACS 
analyses of purified fractions showed that the contamination of CD4+ and CD8+ T-cell 
fractions with CD19+ B cells was less than 0.1%. 
1 'B DNA per m l of whole blood was calculated as absolute EBV DNA copy number 
tmi s the compartimentai cell count per mL. 
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EB 7 serology B 
Specific IgM and IgG against the Epstein Barr virus viral capsid antigen (EBV-
VCA) and specific IgG to Epstein-Barr nuclear antigen (EBNA) were determined 
using the 'anti-EBV VCA IgG ELISA' and the 'anti-EBV EBNA IgG ELISA' of 
Biotest respectively (Dreieich, Germany). All tests were performed according to the ^ 
manufacturers' instructions. Seropositivity is defined by the presence of a positive 
specific IgG after the age of 12-18 months. 
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Flow cytometry and intracellular IFN-y staining after antigen-specific 
stimulation 
EBV-specific T-cell responses were measured in PBMC of 18 children with a detectable 
EBV DNA level after stimulation with an overlapping EBV-peptide pool derived from 
the immunodominant BZLF-1 antigen. Four-color fluorescence analysis was performed 
as previously described [17]. First, 2x106 freshly isolated PBMC/ml were stimulated with 
2 jag/mL of a 15-mer 11 amino acids overlap BZLF-1 peptide pool (Jerini AG, Berlin, 

§" Germany) or an irrelevant peptide pool in the presence of IjUg/mL co-stimulation with 
both anti-CD28 (Sanquin reagents) and CD49d (Becton Dickinson (BD)) monoclonal 
at 37°C for 6 hours, as previously described [18]. 

j> 
1 Statistical analyses 

All statistical analyses were performed using SPSS for Windows version 11.5 (SPSS, 
Chicago, Illinois, USA). Differences between groups were evaluated usim the 
Fisher's exact test for categorical data and the Kruskal Wallis test for continuous data. 

-£ Differences between baseline and follow-up were evaluated using a paired sample i-test. 
" Aee correction for CD4+ and CD8+ T cells and CD19+ B cells was done bv dividing the 

counts by the mean of an age-matched healthy control group [19]. Correlation was tested 
usine the Spearman-rank-sum test. A linear regression model was used to correlate 

-5 continuous data and various independent variables in a univariable model. A stepwise 
x> backward method was chosen for the multivariable model. All variables were ad 
r the model when they were significant at the 0.1 level in the univariable analysis. All tests 

are 2-sided. A p-value <0.05 was considered statistically significant. 

Results 

Immunology: CD4+ , CD8+ T cells, CD19+ B cells 
T- and B-lvmphocvte populations and EBV DNA load were analyzed over time in all 
54 patients from the start with HAART onward. Median time since HAART at time of 
analyses was 210 weeks. Lymphocvte counts were adjusted to the mean of age-specific 
reference groups and expressed as ratios. The median CD19+ B-cell ratio at baseline 
was 0.60, and significantly increased during 48 weeks of HAART to 0.80 (p=< 1.006), 
and 0.88 during 96 weeks of HAART (p=0.006). An increase from median CD4 
ratio of 0.35 at baseline, to 0.78 at week 48 (p<0.001) and to 0.78 at week 96 (p<0.01) 
was seen. The CD8+ T-cell ratio remained relatively stable over time (1.53, 1.49 and 1.43 
at week 0, 48 and 96, respectively). 

EBV D N A at baseline 
Of the 54 children, 47 children were EBV seropositive at the start with HAARI five 
seroconverted during treatment and 2 children remained seronegative during the i tire 
follow-up period (Table 1). Anti-EBNA serology was positive in 37 of 47 (73%) \ V 
positive patients. The EBV DNA load before initiation of HAART was known in 40 
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Figure 1. Cross-sectional EBV DNA concentration in HIV-1 infected children at baseline (up to 5 weeks 
after start HAART), compared with EBV-seropositive health)- pediatric controls with latent EBV (i.e. VCA-
IgG positive, EBNA-IgG positive (n=45, median age 13.3) or children with acute EBV infection (i.e. VCA-
k'M .sitive; EBNA-IgG negative; EA-antibodies positive) (n=43, median age 8.0). 
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EB seropositive children (40/47 (85%)). The load was compared with EBV DNA in 
healthy controls that were either acutely or latently infected with EBV. 
An increased proportion of HIV-1-infected children had detectable EBV DNA 
compared to otherwise healthy children with latent EBV, viral capsid antigen (VCA) 
IgG-positive and Epstein-Barr nuclear antigen (EBNA) IgG-positive (35 of 40 patients 
(88%) vs. 10 of 45 controls (22%); p<0.001). 
Mec .in EBV DNA was much higher in HIV-1-infected children compared to latently 
I 'B infected children (median 3.7 vs 0.0 log copies/mL; p<0.001) (Fig.l). Baseline EBV 
load in HIV-1-infected children was higher than in children with acute EBV-infection 
me an 3.7 vs. 3.1 log copies/mL; p=0.02) (Fig.l). 
The EBV load in HIV-1-infected children at baseline was not correlated with age (r= 
-0.76, p=0.7), HIV RNA concentration (r= 0.04, p=0.8), or age-corrected CD4+ T cell 
ratio (r= 0.2, p=0.2) and age-corrected CD19+ B cell ratio (r= 0.3, p=0.1). 

No change in EBV-DNA levels in most of the HAART-treated patients 
The effect of HAART on EBV DNA was studied longitudinally in all children. EBV 
D\ in whole blood remained high, despite the numerical recovery of CD4+ T- and 
CD19+ B-lymphocytes and proliferative capacity under HAART (Fig.2A; and data not 
shown). Onlv 11 EBV-seropositive children had EBV loads below the lower limit of 
détection (<80 copies/mL) on two consecutive occasions (Fig.2B). 
Of these children, 7 were able to suppress EBV after the start with HAART in a median 
tirrK of 158 weeks (IQR 45-240), whereas in only 4 children EBV DNA was already 
undetectable at the start of HAART. 
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Figure 2A. VCA-IgG positive children not able 
to suppress EBV DNA below the lower it of 
detection. 
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Weeks since start HAART 

Figure 2B. VCA-IgG positive children that 
suppressed EBV DNA below the lower li lit of 
detection 

100 200 
Weeks since start HAART 

Figure 2C. VCA-IgG-negative children «ing 
EBV seroconversion with subclinical prim:. i-.B\ 

400 infection during treatment with HAART. 

Of the 54 children, 7 were EBV-seronegative at start with HAART. They were y lunger 
than the EBV-seropositive children (median age 0.8 vs. 4.7 years, p=0.002). Their bi eline 
T- and B-cell ratios and HIV RNA were not different from the EBV-seropositive patients 
(data not shown). During follow-up, sub clinical primary EBV-infection was ob. red 
in 5 out of these 7 HAART-treated children. This resulted in persistently elevated EBV 
DNA loads (Fig.2C). Their EBV DNA also persisted during follow-up, similar the 
HIV-1-infected children who already were EBV-positive prior to HAART, even I ugh 
HIV-1 RNA was continuously below the lower limit of detection due to HAAR I in 2 
of these patients. 

EBV DNA remained detectable during follow-up in 41 HIV-1-infected children, (one 
of the variables tested was found to be associated with detectable EBV DNA ot not 
(Table 2). Also the change in EBV load over time and change in CD19+ B or CE +• T 
cells were not associated (p=0.17 and p=0.75). 



Tabic 
limit ; 

2. EBV DNA in whole blood; factors potentially associated with suppression of EBV below the lower 
f detection. 

EBV 
suppression : 

Persistent 
EBV* 

Total # p-value 

Nun 

Age a 

Sex(i 

Mode 

CDC 

HIV 

hB\ 

EB 

EBN 

•Cut 
Juri 

start HAART (years, median (IQR)) 

n/f) 

of HIV-1 infection (vertical vs sexual) 

C / non-C) 

• irologic failure vs. response at week 48 

VCA serology at start (pos vs neg) 

\ IgG at start (pos vs neg) 

\ IgG after 48 weeks (pos vs neg) 

11 41 52 
.8(1.8-15.5) 4.0(1.1-6.4) 

4/7 21/20 25/27 

9/2 38/3 47/5 

3/8 20/21 23/29 

1/10 6/35 7/45 

11/0 36/5 47/5 

9/2 28/12 37/14 

7/2 24/10 31/12 

0.32 

0.50 

0.29 

0.31 

1.00 

0.57 

0.71 

1.00 

off at 80 copies/mL. # Excluded in these analvses are 2 children that remained EBV seronegative 
; the entire follow-up period. 

EE -specific CD8 + T-cell responses 
As : IBV-specific CD8+ T cells are known to play a major role in the control of EBV 
infection, we studied whether the elevated EBV load in HIV-1-infected children could 
be explained by diminished frequencies of these cells. Therefore EBV-specific CD8+ 

T-cell responses, determined by measurements of IFN-y production after stimulation 
with the immediate-early lytic protein BZLF-1 were compared between 18 HIV-

sitive children and 11 HIV-negative children. The EBV-specific response was 
v the sensitivity of the assay in 6 (35%) HIV-1-infected children. Median IFN-y 
ucing CD8+ T cells was 0.14% (IQR 0.03-0.53°/.). In healthy pediatric controls the 

EBV-specific response was below the sensitivity of the assay in 5 (38%) children, with a 
me an of 0.10% (IQR 0.0-0.20%) of CD8+ T cells producing IFN-y upon stimulation 
with BZLF-1-peptide pool (Fig.3). In HIV-1-infected children, numbers were not 
con elated with the EBV load determined simultaneously (r=0.34; p=0.24). 
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Figure 3. EBV specific cellular responses. % IFN-
y producing CD8+ T cells after stimulation with 
BZLF-1 peptide pool, comparing HIV-1-infected 
children with pediatric controls. Horizontal bars 
represent median values. 

IIIV-1 -infected 
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E B V D N A present i n CD19+, C D 4 + a n d C D 8 + T ce l l s 
Neither immune function nor serology was associated with persistent high EBV 

concentrations. Hence, we considered the possibility that EBV was present in other cell 

types than CD19+ B cells, similar to conditions such as chronic active EBV (CAEBV) 

and acute EBV-associated hemophagocytic lymphohistiocytosis (EBV-HLH) [3,20]. In 

order of attendance, 16 patients with an elevated EBV load were chosen for further 

investigation of EBV D N A in C D 4 + T, C D 8 + T and CD19+ B cells. In these cell 

fractions, EBV D N A was found m CD19+ B cells (median 3.01 log copies/106 cells.IQR 

2.8-3.7), but also in CD4+ (median 2.3 log copies/106 cells, IQR 1.1-2.7) and CD8+ T 

cells (median 1.8 log copies/106 cells, IQR 1.3-2.4) (Fig.4A). Two of the HIV-l-infected 

patients became infected by EBV many weeks after the start of H A A R T (>30 weeks), 

having complete and prolonged suppression of HI V-l. 
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In otherwise healthy children with acute EBV infection, EBV D N A was predom:, lantly 

detected in the CD19+ B-cell compartment (Fig.4A). In an additional two children with 

EBNA-IgG in the absence of VCA-IgM, and with whole blood EBV loads of 61 I and 

800 copies/mL, respectively, we could obtain enough cells for further cell fractionation. 

EBV D N A was only found in their CD19+ B-cell compartment, similar to most of the 

controls suffering from acute EBV infection. One of these two became negath e for 

EBV PCR on whole blood within the next 4 months of follow-up (data not shown). 

Seven out of 16 HIV-1-infected patients with serial samples were reanalyzed 6 months 

after the first sample analysis. Similar distribution of EBV in the various lymphocyte-

types was found in most of these 7 patients, apart from one patient with a decrease 

in EBV copies, as observed in particular in the C D 4 + T cells (Fig.4B). This ! lent 

also showed a decreasing EBV load in the whole blood PCR test explaining the alts 

obtained. 
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Figure 4A. EBV DNA in cellular compartments. EBV DNA in peripheral blood mononuclear cells m ured 
in separated cell fractions of 17 HIV-1 -infected patients and 6 otherwise healthy patients with acu B"\ 

infection. 
Figure 4B. EBV DNA m cellular compartments over time. EBV DNA in PBMC m 6 patients measui 
2 occasions 6 months apart. Due to technical causes not all cellular compartments were available for EBV 
PCR at both time points. Numbers of data missing per time-point and fraction ranges between 0 and 2 



Discussion 
In this prospective study we demonstrate that the EBV dynamics and cellular tropism in 
HIV-l-infected children and adolescents differ dramatically from HIV-negative controls 
and ere independent of the effects of HAART. First, patients showed relatively normal 
anti-VCA and EBNA serology or EBV-specific CD8+ T-cell responses, as may be 
expected after re-convalescence of acute EBV infection, while their EBV load remained 
elevated. Second, primary EBV infection after HAART-related immune reconstitution 
still resulted in an abnormal pattern of EBV infection and clearance with similar unusual 1 1 5 

dynamics as observed in patients who were EBV-positive prior to HAART. 

% 

Even though we tried to relate the abnormal EBV dynamics to various HIV-related 
disease and immune parameters, or to failing EBV-specific immunity, the exact 
mechanism behind the aberrant T-cell tropism and failure in normal EBV suppression 
remains unclear. Also after immune reconstitution and increased CD4+ T cell counts 
due to HAART, EBV loads remained elevated at individual levels. It has been described 
that after HIV-seroconversion EBV DNA increases thereby installing a new viral set 
point [10]. In our study population EBV load also seems to be elevated at individually 
defined set points. HAART does not seem to be able to change this altered balance 
between the virus and the host. This is reminiscent of the situation described in one 
study on adult homosexuals treated with HAART [12,21]. 
In a minority of patients (7 of 35) with detectable EBV DNA at the start of HAART, 
this EBV load became undetectable during follow-up - irrespective of the response 
of HIV after 48 weeks on HAART We could not identify any indicator that favors 
this suppression of EBV as is observed in the non-immunocompromized controls. We 
did not find a difference between vertical transmissions and sexually acquired HIV-1 
infection. Also HAART treatment prior to primary EBV infection showed surprisingly 
littl impact on subsequent EBV dynamics. However, the small number of children in 
both groups makes it impossible to completely rule out any association tested. 

The finding that in HIV-1-infected individuals EBV infects other blood cell types 
besides the B lymphocytes is reminiscent of chronic active EBV (CAEBV) and acute 
EBV-associated hemophagocytic lymphohistiocytosis (EBV-HLH) [3]. In the acute 
phase of EBV-HLH, EBV is detected in the activated CD8+ T-cell population, whereas 
in ( VEBV populations of CD4+ T cells and NK cells are primarily infected instead of 
the B cells [3]. However, these EBV-related diseases are characterized by the presence 

n 

03 < 
EBV DNA was detected in CD4" and CD8+ T cells, and CD19+ B cells, whereas ^ 
otherwise healthy children and adolescents suffering from acute EBV infection showed 8 
EBV DNA only in their CD19+ B-cell population. Due to the sequential purification 
steps, the contamination of the CD4+ and CD8+ T cell compartments was less than 

We calculated that a median contamination of 17% of B cells would be needed to H 
account for the EBV load detected in the sequentially purified T cell fractions, based on £ 
the assumption that the copies of EBV were equally found in all B cells. This makes the 
possibility of B cell contamination as an explanation for our findings highly unlikely. 
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of serious clinical symptoms and a high mortality rate [20], in contrast to chronic EBV 
infection in HIV-1-infected patients where both B and T cells arc infected. Whether 
the balance of EBV tropism between B and T cell compartment defines the clinical 
symptoms remains unclear. Two Caucasian patients with CAEBV in our department 
(one transplanted with an HLA-identical sib after treatment for Hodgkin's disease and 
one died from a cerebral non-Hodgkin lymphoma) EBV was detected in both B and T 

g cells [Dolman, Van Lier, Knijpers, unpublished]. 
cL 

U In immunocompetent individuals EBV establishes latent infection in B-celis [5], 
" 116 Infection of these B-cells occurs through the complement receptor 2 (CR2, CD2. i. We 

|> now show that in HIV-1-infected children EBV also infects T cells, as also observed 
X in CAEBV and HLH. Infection of T cells may occur through the same CD21 receptor 

that may be expressed under conditions of T-cell activation [22]. On the other har co-
receptors or alternative ligands for EBV entry into activated T cells cannot be excluded, 
since in vitro data suggested that CD21" T cells can be infected by EBV as well [23], 
In this respect, the ectopic CD40 expression on T cells from CAEBV patient, may 
support an aberrant EBV tropism [24]. However, we were not able to find any CD21 or 

T3 CD40 staining on peripheral blood T cells from treated HIV-infected children (n=19) 
or pediatric controls (n=15) (data not shown). Whether T-cell activation in the secondary 
lymphoid organs or the expression of CD21 on double-negative T lymphocytes 111 the 

_§ thymus, may render T cells susceptible to EBV infection [25], cannot be excluded, 
c 
> 

In otherwise healthy individuals the EBV load during primary EBV infection drops 
rapidly with 2 loglO in the first 3 weeks following presentation with acute mononucleosis 
[26]. In the CD8+ T-cell response against EBV, the predominance of lytic over tent 
protein-specific CD8+ T cells is well documented, in particular during the (sub) acute 
infection. Both become detectable after a few weeks and remain stable over long periods 
of time [26-29]. EBV-specific CD8+ T-cell responses to BZLF1 in our population were 
detected at similar or slightly increased frequencies as determined in healthy EBV-
seropositive children. These results at least suggest no impairment of EBV specific CD8+ 

T-ccll responses. It may be at the level of CD4+ T-cell reactivity that the EBV-specific 
immunity is failing, different from the normal B-cell help and serologic responses 
against EBV 

For the first time to our knowledge, a difference is being revealed in the cellular 
tropism and EBV dynamics of EBV in HIV-1-infected individuals in this study, it is 
unknown whether these children with aberrant T-cell tropism of EBV are prone to 
develop EBV-related lymphomas. The prognostic value of high EBV loads and the 
infection of non-B lymphocytes by EBV are to be studied in larger cohorts. Our 
demonstrate longitudinally that most HIV-1-infected children are not able to pn ent 
the dissemination of EBV over the immune system during acute infection and cannot 
suppress EBV appropriately — irrespective of the success of HAART 
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Before 1997 an estimated 23% of HI V-l -infected infants developed AIDS before the age 
of 1 vear and nearly 40% by 4 years of age. Ten percent died before reaching 1 yea* of age 
and 28% before the age of 5 [1]. In 1996 HAART was introduced in the treatment of HIV-
1 infected adults [2], a year later combination antiretroviral therapy was also introduced in 
the treatment of pediatric HIV-1 [3]. Treatment with HAART has substantially improved 
sun ,val and quality of life for HIV-1-infected children [4,5]. The aim of this thesis is to 
define the long-term efficacy of H A ART to suppress HIV RNA production and improve | 
immunity and vaccination responsiveness in pediatric HIV-1-infection. S 

In this thesis, it is shown that HAART can be as effective in ch.ldren as in adults. 121 — 
HIV replication can be successfully suppressed in children and immune reconstitution, 
defined as an increase in CD4+ T cell count and T-cell proliferation, occurred normally. 
However despite HAART, the in vivo function of the immune system may not completely 
restore, as reflected by primary and secondary vaccine failure, continued replication 
of CMV and the prolonged presence of a high EBV DNA load in both B and non-B 
lymphocytes in many HIV-1-infected children. 

Virologie response to H A A R T 
In Chapter 2, a long-term follow-up study of 2 NRTI's and nelfinavir is described 
V,rologic success was achieved in 74%, 66%, 58%, and 54% after 48, 96, 144, and 
240 weeks after start of HAART, respectively. During a follow-up of almost 7 years a 
growing number of children failed to suppress HIV-1 replication while medication was 
prescribed From these data it seems likely that all children will eventually fail on the 
regimen started and they will need to switch to other combinations of antiretroviral 
drugs To date, studies on the efficacy of HAART in the treatment of HIV-1-infected 
ch.ldren have reported highly variable response rates. Virologie success, defined as 
plasma HIV RNA below the lower limit of detection, was reached in 11% to 87 /o of the 
children [6-8]. Moreover, time of follow-up in most of these studies was limited to less 
than 1 to 2 years after initiation of HAART. 

Treatment with HAART does not eradicate the virus and cure the HIV-1 infection 
[9] Chronic use of antiretroviral medication is indispensable when started for well-
defined clinical or immunologic reasons. The consequences of the long-term use of 
antiretroviral therapy in adults and children are becoming apparent [10]. Lipodystrophy 
[111 atherosclerosis,'cardiovascular events [12], low bone mineral density and bone 
metabolism impairments [13] are among the most commonly reported side-effects. 
Chapter 2 reports on eleven children who developed clinically evident lipodystrophy 
during treatment with a nelfinavir-containmg regimen. Regimens should be tested for 
these side effects and the role of these drugs in child development should be considered 
when choosing a regimen. 

In suboptimal suppression of the virus, HIV-1 strains are selected that carry mutations 
which make the virus less sensitive to the antiretroviral drugs. This could lead to 
vir, logic failure and the CD4+ T-cell count may again decline. Suboptimal suppression 
in HAART-treated patients is correlated with non-adherence to the very strict regimens 
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[14-16]. Sustained suppression of HIV-1 can be improved by improving the patient's 
compliance. Lower pill burden and a lower frequency of intake could help to improve 
the adherence to the antiretroviral medication. In 1997 patients had to take their 
medication three times a day. Once daily regimens are now available. Further efforts 
should be made to increase the compliance and to prolong the virologie suppr sion 
thereby saving antiretroviral-drugs regimens for future use. 

As has been described in Chapter 3, treatment with an alternative, newer regimen 
containing an NNRTI instead of a PI, resulted in potent suppression. The combinai ii >n of 

122 drugs in this regimen is assumed to cause fewer side effects and can be administered once 
daily. The study showed virologie failure free survival rates of 76% and 67% after 48 and 
96 weeks. An increasing number of the children developed resistance during the previous 
Pi-containing regimen. Virologie suppression in HAART pre-treated children was equal 
to that in children who started naive for antiretroviral drugs. Recently it was shown that in 
children who switched their regimen from Pi-containing to Pi-sparing HAART, NNRTI 
treatment can still be effective in continued HIV-1 suppression [17|. Our study extends 
these data and shows that children failing on their primary HAART regimen can be 
successfully treated with an alternative NNRTI-containing 2nd-line regimen. 

HAART in children is assumed to be less effective than in adults. The higher pVL could 
partially explain the reduced virologie effectiveness of HAART at young age. Viral 
decay after starting HAART is used as a measure for the viral turnover during H R'l 
[18,19]. In Chapter 4, we described a correlation between pVL and age. In contrast, no 
correlation between viral decay and pVL or age was found upon start of HAART. 

From these analyses we conclude that the pVL in young children was not big 
a result of a higher viral turnover. Other possible explanations include the immature 
immune system at young age, having more target cells available for HIV-1 infection 
[20]. Alternatively, compartmentalization could explain the differences between young 
children and older HlV-1-infected individuals. Gastrointestinal mucosa (gut-associated 
lymphoid tissue [GALT]) is an initial and principal site for viral replication during acute 
HIV-1 infection [21]. If the pVL only reflects the activity of the virus in the lymphoid 
system, it could be that the higher pVL reflects a higher concentration of RNA. This 
is produced at the same rate as in adults, but in relatively more lymphoid tissue ; • kg 
body weight compared to the plasma volume. However, this hypothesis is difficult to 
explore since these compartments are hard to sample in children, mainly for technical 
and ethical reasons. Finally, other cells than the usual target cells, not susceptible for 
infection and entry of HIV-1 (any longer) in adults, may be involved in the inc» ised 
pVL and rapid dissemination of HIV-1 in children. 

Growth and CD4 + T cell count during H A A R T 
When untreated or failing on HAART, HIV-1-infected patients show continuous 
viral replication and subsequent loss of CD4+ T cells, which may cause a severe 
immunodeficiency with opportunistic infections as a consequence. Most children that 
are diagnosed with an HIV-1 infection suffer from opportunistic co-infections and 



show growth retardation. In a minority of these children severe failure-to-thrive can 
be observed [1,22]. CD4+ T cell count and growth retardation are predictors for the 
progression of the disease in children [23,24]. Treatment with HAART has a major 
impact on these parameters. During a follow-up of 5 years, described in Chapter 2, both 
numerical immunologic recovery and clinical improvement in growth and development 
occurred in all, mainly during the first years after initiation of HAART, even in children 
that failed to sustain viral suppression. This is in line with recent findings that CD4+ T 
cell numbers reached a plateau after 2 years of HAART in HI V-l -infected children [25]. 

In Chapter 3, no difference was found in growth parameters between children that 123 
started naive to antiretroviral drugs and children that were not pretreated with other 
regimens, other than the preexisting differences at baseline. This was clue to the effect 
of irai suppression achieved during the prior use of HAART [26]. This study also 
showed that children starting HAART, clearly showed an increase in weight-for-height 
in the first 24 weeks. The increase in height-for-age became more obvious after the first 
year of treatment. 

From these chapters it can be concluded that HIV-1-infected children treated with 
HAART are able to suppress the virus effectively. The concomitant catch-up growth 
and increase in CD4+ T cell numbers is present in all children on HAART, irrespective 
of ventual virologie failure during follow-up. However, it is unknown whether the 
increase in CD4+ T cells or the absolute number of certain lymphocyte subsets correlates 
wii or reflects a full recovery of the immune system in HIV-1-infected children. 

Immune response in children 
Vertical HI V-l-infection occurs at a time when the functional capacity of the infant's 
immune system is still reduced because of immaturity. At birth infants have a relatively 
high number of T cells, but the lymphocytes are mainly naive in function and phenotype. 
An immune response is mounted upon encountering antigens from the environment or 
antigenic triggers during infection. With increasing age the absolute numbers of CD4+ T 
cells decline towards adult values and undergo phenotypic changes that reflect previous 
actuation and acquisition of a memory effector function in vivo [27,28]. In children the 
thymus is still functional, which may account for the ability of rapid immune reconstitution 
.it »ung age. During adolescence the thymus starts to shrink. The production of new T 
cells in adults is reduced compared to children, although it does continue throughout life 
at a very low level [29]. Adults become HI V-1-infected at an age that the immune system 
is fully developed. In contract, most children become HIV-1-infected before childhood 
infections have triggered and shaped the immune system. The impact of early infections 
on the immunologic development has hardly been studied. 

Vaccination in HIV-1-infected children 
Varicella-zoster virus (VZV) infection in HI V-l-infected patients can cause severe 
chickenpox with major morbidity and mortality. In the era before HAART became 
available, a high proportion of the patients had to be hospitalized after contracting VZV 

0,31]. HIV-1-infected individuals are recommended to be immunized with the live-

n 



attenuated VZV vaccine if seronegative or without a clinical history of prior chickenpox 
[32]. However, when the patient is severely immunocompromised by HIV-1-infection 
vaccination against VZV is contra-indicated, because of the potential for dissemination 
of the attenuated vaccine strain [32]. However, the in-vitro T-cell proliferation restores 
during the first weeks after start with HAART, as shown in Chapter 2. This indicates 
a functional reconstitution of the immune system. Previously immunocompromised 

£ HIV-l -infected children were therefore vaccinated against VZV during treatment with 
HAART The children were closely monitored for clinical symptoms as well as the 

U presence of VZV-vaccine DNA load in their blood. In an attempt to improve protection, 
~ 1 2 4 a family-based vaccination strategy was initiated. All VZV-seronegative household 

members were offered active immunization to reduce the chance of household contact 
§ to wild-type VZV for the HIV-1-infected children. 

S 
VZV vaccination is safe in HI V-l-infected children during HAART, as was shown in 
chapter 5. The only report on VZV-vaccination in HI V-l-infected children restiicted 
inclusion of eligible VZV-seronegative children to the mildly affected HIV-1-infected 
children (i.e. CDC-NO and -Al) [33]. Based on this report, it was stated that HIV-l-ii 
children who still have a well-maintained immune system, can be safely immunized [32]. 
We extend these data to HIV-1-infected children previously diagnosed with CDC-i :. As 
shown in our VZV vaccination study, immunization with the live-attenuated VZV-Oka 
strain seems a safe procedure and should be considered in children on HAART 

However, the immune response upon vaccination is not comparable to healthy children. 
Only 60% of the HIV-I -infected children seroconverted after 2 vaccinations, compared 
to 100% of the healthy siblings. In contrast to VZV-antigen-specific humoral responses, 
we could not find a difference in the cellular response between HIV-1-infected children 
and their healthy siblings. The function of CD4+ T cells and CD19+ B cells after 
immune recovery during HAART seemed not comparable to the function of these 
cells in healthy children. The suboptimal response upon vaccination despite immune 
reconstitution raises the question about the durability of the serologic protection of 
these children after natural infection and vaccination. 

Immunologic memory in HIV-1-infected children 
In Chapter 6 it was shown that specific antibodies to the viral components of the IR 
vaccine were gradually lost in HIV-1-infected children, even during treatment with 
HAART Moreover, also the long-term serologic protection after natural VZV infection 
in HI V-l-infected children declined over time. In a median of 161 weeks 21% of the 
children lost their protective VZV antibodies. MMR specific IgG titers waned over 
time in 40% of the children, as did the serology against CMV in 7% of the children. 

Upon recovery of the immune system, antigen specific immune reactivity remains 
strongly reduced compared to HIV-negative controls. Moreover, the CD4+ T cells are 
apparently also not able to maintain stable and protective serologic levels as has been 
reported in healthy children. Comparison of the MMR serology with specific antibodies 
against herpes viruses after natural infection shows that many HIV-1-infected children 



ma; lose antibodies against certain antigens. This was not a general observation, because 
the EBV antibodies were not lost in any of the children during HAART. 

From our data it remains unclear whether CD19+ B cells are affected in their specific 
responsiveness by HIV-1 in a direct way or indirectly by the loss of CD4+ T cell helper 
.u IT. It had been shown before, that the perturbations in B cell responsiveness were 
not only due to impaired CD4+ T cell help, but also intrinsic to the detrimental changes P 
in the B cell compartment itself [34]. The impaired response of B cells upon stimulation "2 
correlated to pVL. Reduction in pVL was shown to improve B-cell responses upon o 
various stimuli in vitro [35]. Direct T-cell responses seem to be comparable to those 125 
in healthy children. This would explain the lack of severe clinical reactions after 2 
administration of the live-attenuated VZV-Oka strain and the decline in opportunistic 
infections in the era of HAART [4,5]. However, even during treatment with HAART, 
both primary and memory humoral responses [36] remain disturbed as shown by our 
studies in Chapter 5 and 6. Also under continuous use of HAART, regular testing and 
revaccination, seems mandatory though. 

The role of CD4+ T cells during primary infection in helping to establish immunologic 
memory of both CD8+ T cells and CD19+ B cells seems crucial. In HIV-1 related 
research much attention has been focused on the role of cytotoxic T cells. This can 
be explained by the finding that after primary infection the decline in pVL [37-39] and 

' in whole blood [40] is paralleled by an increase in HIV-1-specific CD8+ T cells. 
Additionally, patients progressing to AIDS show a decline in HIV-1 specific CD8+ T 
cells. Apart from the disturbances in CD8+ T cell function it is again becoming clear 
that also the B cell function is affected by the loss of CD4+ T cell help or by a direct 
effect of the virus to these cells [41,42]. 

While the short-term restoration of the immune function seems to largely protect HI V-
1-infected persons from major opportunistic complications of advanced disease, the 
functional immune restoration and immunologic fine-tuning is incomplete and the 
long-term significance of this sub-clinical immune deficiency remains as yet unclear. 
At the same time, there is uncertainty regarding the optimal timing for the initiation 

[AART, in children in particular. The age and concomitant exposure to various 
primary viral infections and bacterial colonization make the decision on the start of life
long use of antiretroviral drugs difficult. The doubts about long-term side effects during 
development and growth will not make such decisions any easier. 

Clinical implications 
Measles, mumps and rubella are among the viruses that could be a threat to adults as 
well. Especially in pregnant women these infections may have devastating consequences. 
Moreover, mothers pass their IgGs to their newborn. These IgGs protect in the period 

t the infants are not yet able to vigorously fight these infections by themselves due 
to their immature immune system. The extent and time in which the loss of serologic 
memory to these viruses may occur in adult HIV-1-infected patients, is not exactly 

n. Memory to other vaccine-preventable diseases such as influenza virus and 
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bacterial strains such as Haemophilus influenzae type b and pneumococcal infections in 
HIV-l-infected patients treated with H A A R T is also unclear [43,44]. 

Our V Z V vaccination study in HIV-1-infected children indicates that more extensive 

studies are warranted. Vaccination studies ought to be primarily focused on the 

induction of sufficient immune protection, but the level of protection and the ne; foi 

g repeated boosting should be checked regularly, both in larger cohorts of childn i as 

well as in adults. Testing for childhood virus infections and VZV vaccination of adult 

HI V-l-infected patients should be considered as routine procedure as brought forward 

by our pediatric studies in the current thesis. Additional caution is at place for migi ing 

people from tropical areas to areas with more temperate climate, since these less exposed 

individuals[45] are more at risk of severe chickenpox [46] and should therefore be tested 

for VZV antibodies. Pregnant HIV-1-infected mothers should also be monitored for 

protective levels of MMR and revaccinated if needed. 

Immune reconstitution and latent herpes virus infections 
The impact of HIV-1-infection on the immune reactivity in children was explored for two 

latent herpes viruses, CMV and E B V CMV was a marker for H I V disease progress in 

children infected at birth [47]. Even in the era of HAART, detection of CMV identified 

patients with a poor prognosis [48]. Immune activation was shown to be associated with 

H I V disease progression in the era before H A A R T [49]. In Chapter 7 it was show lal 

CMV has a great impact on the numbers of differentiated T cells in HIV-1-infected 

children. During immune reconstitution the number of terminally differentiated CD8+ T 

cells was increased. Some of the children showed continuous replication of CMV during 

HAART, as reflected by CMV shedding in the urine. These children had more terminally 

differentiated CD8 + T cells and an increase in CMV-specific IgG. Regarding ( V-

specific functional reactivity of the T lymphocytes, we demonstrated that T cells si ed 

less IFN-Y production upon stimulation in vitro. It seems that the immune system was 

not able to contain the virus, resulting in replication, and increased antigen expi re, 

elevated numbers of CD8 + T cells and high titers of CMV-specific IgG. 

Before the start with HAART, the EBV D N A load was elevated in HIV-1-infected 
children, as shown in Chapter 8. An elevated EBV load is associated with the developmen 
of lymphoproliferative disease after bone marrow or solid organ transplantation [50] 
Similarly, HIV-1-infccted individuals are at increased risk of lymphoprolifer. 
disorders [51-54]. 

lent 

ative 

EBV loads in children treated with H A A R T remained elevated for years in most 

children. Only some children suppressed the EBV D N A load below the lower limit 

of detection for as yet unknown reasons. The elevated levels of EBV D N A in whole 

blood of HIV-1-infected children could be an explanation for the sustained serolo, by 

continued exposure to EBV antigen. Importantly, it seems that H A A R T did not n ire 

the immunity against EBV, because of the observed failure to clear the viral DN as 

seen in otherwise healthy children. Also in adults after treatment with HAART. V 



DNA remained detectable [55]. Loss of EBV-specific T cells and immune activation 

were found to correlate with the elevated EBV loads in HIV-1-infected individuals. 

In healthy individuals EBV infects the oropharyngeal mucosa and subsequently CD19+ B 

cells in which it establishes life-long latency [56,57]. In our cohort we found that EBV can 

be detected both in CD19+ B cells as well as in C D 4 + and C D 8 + T cells. These findings 
o 

in HIV-1-infected children raise questions about the interplay between HIV-1 and EBV. 

EBV also infects other blood cell types besides the B lymphocytes during chronic active 

EBV (CAEBV) and acute EBV-associated hemophagocytic lymphohistiocytosis (EBV- o 

HLH) [58]. However, the presence of serious clinical symptoms and a high mortality 127 

rate characterize these EBV-related diseases [59], in contrast to chronic EBV infection in 5 

HIV-1-infected patients during HAART. Whether the balance of EBV tropism between 

B and T cell compartment defines the clinical symptoms remains unclear. 5 

CMV and EBV remained present in most children during treatment with HAART. The 
lu -term implications of this failure of the immune system to recover fully upon start 
of HAART are as yet unknown. 

HJV-1 v a c c i n e 

A ccine against H I V is now being developed to fight HIV-1-infection. Improvement 

or cstoration of this C D 4 + T-cell helper function could improve the effectiveness of 

these vaccines on the long term. Whether the incomplete recovery of C D 4 + T-cell help as 

demonstrated in our studies in pediatric HIV-1-infected patients will limit the efficacy of 

I i : -1 vaccines has yet to be shown. The recovery may have little impact unless strongly 

boi -.ted by adjuvants or enhanced immunogenicity of the vaccine to be supplied. 

C< e lus ions 

HAART has changed pediatric HIV-1-infection from an inexorably progressive and fatal 

disease into a chronic largely controllable disease. The number of opportunistic infections 

decline with major reductions in morbidity and mortality [4,5,60]. CD4 + T cell numbers 

increase to levels nearly comparable to otherwise healthy children. Although immunization 

wi live-attenuated vaccines are safe, primary and booster vaccine responses are not fully 

restored during H A A R T Also immunological memory functions are not restored upon 

start of H A A R T as demonstrated by the loss of specific antibodies as well as the fact that 

containment of latent viral infections are still affected in HAART-treated children. More 

research is needed to value the clinical significance of these observations. 
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Samenvatting 





Introduct ie 
In 1997 werd gestart met het behandelen van HlV-l-geïnfecteerde kinderen met 

HAART. Deze behandeling heeft de overleving en de kwaliteit van leven van deze 

kinderen aanzienlijk verbeterd. Over de effectiviteit van deze behandeling op de lange 

termijn was echter nog met veel bekend. Dit proefschrift beschrijft de effectiviteit van 

HAART om HIV-replicatie te onderdrukken en de immuniteit en vaccinatierespons bij 

kinderen te verbeteren. 

Alle beschreven data in dit proefschrift zijn verzameld binnen het Pediatrie Amsterdam 

Cohort on HIV-1 (PEACH). In dit cohort worden alle HIV-1 geïnfecteerde kinderen 

gevolgd, die sinds 1997 onder behandeling zijn in het AMC. 

Dit proefschrift laat zien, dat de behandeling van kinderen met HIV-1 net zo succesvol kan 

zijn als de behandeling van HlV-1-geïnfecteerde volwassenen. HIV-replicatie kan worden 

onderdrukt. Tegelijkertijd treedt herstel van de immuniteit, gedefinieerd als een toename 

in CD4+ T cellen en T-cel delingscapaciteit, op. Ondanks HAART, herstelt de immuniteit 

zich echter niet volledig. Primair en secundair vaccin-falen wordt veelvuldig gezien. CMV 

blijft aanwezig en is in een deel constant aantoonbaar, en EBV D N A is in de meerderheid 

van de kinderen langdurig meetbaar in het bloed in de B cellen en - i n tegenstelling tot 

acute infecties bij "gezonde" kinderen en jong-volwassenen - ook in T cellen. 

Virologie 
In Hoofdstuk 2, wordt de lange-termijn follow-up van de behandeling van HIV met 

2 NRTI's en nelfinavir beschreven. Na 48, 96, 144 en 240 weken van behandeling 

met deze H A A R T combinatie had 74, 66, 58 en 54% van de kinderen HIV succesvol 

onderdrukt. Hieruit blijkt, dat tijdens de 5 jaar follow-up het aantal kinderen, waarbij de 

medicatie het virus niet langer onderdrukt, toe. Tevens werd bij 11 kinderen lipodystrofie 

geconstateerd. Dit is een syndroom gekenmerkt door het verlies van onderhuids vet in 

a.' tien, benen en het gelaat, alsmede een toename van vet op de romp. 

Hoofdstuk 3 beschrijft een studie met een nieuwe combinatie van anti-retrovirale 

middelen. De medicijnen hoeven slechts 1 maal per dag te worden ingenomen en 

zouden in theorie minder bijwerkingen geven. De behandeling omvat een N N R T I in 

plaats van een PI, waarvoor veel kinderen resistentie hebben opgebouwd. Na 48 en 96 

weken therapie was bij 76% en 67% van de kinderen HIV-1 succesvol onderdrukt. Bij 

kinderen die resistentie hadden ontwikkeld tegen anti-retrovirale medicatie tijdens een 

eerder H A A R T regiem, bleek dit regime net zo succesvol te zijn als bij kinderen die niet 

eerder met andere anti-retrovirale middelen werden behandeld. 

In hoofdstuk 4 wordt de analyse van aanmaak en afbraak van HIV RNA beschreven. 

Voordat wordt begonnen met anti-retrovirale therapie zijn aanmaak en afbraak van HIV 

RNA in evenwicht. De snelheid van afname van HIV RN A in het plasma is een maat voor 

de productie van het virus voor de start met medicatie. Jonge kinderen hebben vaker een 

hogere HIV RNA concentratie in plasma dan oudere kinderen. Men veronderstelt, dat 

dit de effectiviteit van de behandeling van kinderen negatief beïnvloedt. In hoofdstuk 4 
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wordt een overeenkomst tussen HIV RNA en leeftijd gevonden. Er wordt daarentegen 
geen overeenkomst tussen leeftijd en de snelheid van afname van het virus na het starten 
van HAART gevonden. Evenmin wordt een relatie gevonden tussen de peikwaarde van 
plasma HIV RNA en de snelheid van afname hiervan na het starten van HAART. 

Op basis van deze bevindingen concluderen we, dat de hoeveelheid plasma HIV RNA 
bij kinderen niet noodzakelijkerwijs hoger is vanwege een snellere aanmaak van nieuw 
virus. Een andere oorzaak voor de hogere HIV RNA concentratie bij kinderen zou 
kunnen liggen in het onrijpe afweersysteem van kinderen. Hierdoor zouden andere cellen 

134 vatbaar kunnen zijn voor het virus. Ook kan het zijn, dat de verhouding tussen het plasma 
compartiment waarin het virus wordt gemeten en de extravasculair lymfeweefsel, zoals 
in het maagdarmkanaal en de vele lymfeklierstations waar het virus zich voornamelijk 
vermenigvuldigd, bij kinderen anders is. Dit zou een hogere HIV RNA concentratie in 
het plasma kunnen verklaren. Beide mogelijkheden zijn helaas moeilijk te onderzoek :n, 
omdat de compartimenten buiten het bloed technisch gezien moeilijk bereikbaar zijn bij 
kinderen. 

Uit Hoofdstuk 2 en 3 blijkt dat de behandeling met HAART resulteerde in een herstel 
van lengtegroei en CD4+ T cel aantal. Dit effect bleek onafhankelijk van het virologisch 
succes van de behandeling. Herstel van groei trad op bij kinderen die met een 1 
HAART behandeling als ook die kinderen die met een 2de HAART regiem startten. Het 
was vooralsnog onduidelijk of de toename in CD4+ T celaantal ook een volledig herstel 
van het immuunsysteem zou betekenen. De hoofdstukken 5 tot en met 8 proberen hier 
meer inzicht in te verkrijgen. 

Vaccinatie 
In hoofdstuk 5 wordt de vaccinatie van HIV-I-geïnfecteerde kinderen met lèvent 
verzwakt waterpokkenvirus (VZV) beschreven. VZV-vaccinatie leidde niet tot 
bijwerkingen. Een duidelijke T-cel-gemedieerde immuun respons was detecteerbaar in 
het bloed van de gevaccineerde kinderen. Maar na 2 vaccinaties had slechts 60% van cle 
kinderen antistoffen tegen VZV gemaakt en daarmee een volledig normale bescherming 
tegen de waterpokken verkregen. Dit was in tegenstelling tot gezonde broers en 
zussen die tegelijkertijd waren gevaccineerd; na 2 vaccinaties waren zij allemaal VZV-
seropositief. 
Deze situatie was niet uniek voor VZV-vaccinatie. Ook na wild-type waterpokkeninfectie 
was slechts een beperkt deel van de HIV-1 -geïnfecteerde kinderen VZV-seropos f. 
Bovendien hadden de HIV-geïnfecteerde kinderen die wel IgG tegen VZV hadden 
aangemaakt, allen extreem lage antistof titers. 

In hoofdstuk 6 is, in navolging van de achtergebleven VZV response, ook de reactie 
op Bof-Mazelen-Rode hond (BMR) vaccinatie onderzocht. Specifieke antistoffen tegen 
BMR daalden tijdens de behandeling met HAART en verdwenen volledig bij 40% van 
de kinderen die BMR-seropositief waren bij de start met HAART. Tevens verloor 2 
van de kinderen beschermende antistoffen tegen VZV na wild-type infectie, en 
tegen CMV, binnen een periode van 3 jaar (mediaan 161 weken) op HAART. KBY-



specifieke antistoften bleven goed detecteerbaar. De klinische consequenties van het 

verlies van antistoffen is vooralsnog onduidelijk, maar regelmatig testen en gerichte 

hervaccinaties, lijken gewenst. 

Herstel van het immuunsysteem en herpesvirussen 
Naast het effect op V Z V en vaccinatieresponsen tegen dit levend-verzwakte vaccin, is 

het effect van HlV-l-infectie op immuunreactiviteit onderzocht voor 2 andere latente 

herpesvirussen: CMV en EBV. 

CMV blijkt een grote impact te hebben op het aantal gedifferentieerde T cellen in HIV-1-

geïnfecteerde kinderen, zoals beschreven is in hoofdstuk 7. Tijdens immuunreconstitutie 

was het aantal volledig gedifferentieerde CD8 + T cellen (CD45RA+ en CD27 ) toegenomen 

in CMV-seropositieve kinderen vergeleken met CMV-seronegatieve kinderen. Een 

deel van de kinderen vertoonde voortgaande replicatie van CMV tijdens HAART, 

zich uitend in uitscheiding van CMV in de urine. Deze kinderen hadden meer volledig 

gedifferentieerde CD8 + T cellen en een toename van CMV-specifiek IgG. Een kleiner 

deel van de T cellen van kinderen die CMV in de urine hadden, produceerde IFN-v na 

stimulatie met CMV antigeen in vitro. Het immuunsysteem is blijkbaar niet in staat om 

het virus te onderdrukken, resulterend in CMV-replicatie en een toename van antigeen 

expositie, een verhoogd aantal CD8 + T cellen en een toename in CMV-specifiek IgG. 

De EBV D N A concentratie in bloed is verhoogd in de HlV-1-geïnfecteerde kinderen 

voor de start van HAART, zoals beschreven in hoofdstuk 8. De EBV D N A concentraties 

in kinderen die vervolgens behandeld werden met HAART, bleven verhoogd. Slechts 

enkele kinderen vertoonden een verdwijning van het EBV D N A in het bloed tijdens 

de behandeling met HAART. In ons cohort vonden we dat EBV D N A kon worden 

aangetoond in zowel B cellen, als ook in CD4 + en CD8 + T cellen. Dit is in directe 

tegenstelling tot HIV-negatieve kinderen bij wie EBV D N A alleen in B cellen wordt 

aangetroffen en voornamelijk alleen tijdens een acute (al dan niet subklinische) EBV 

infectie. 

1 î i l o o g 
HAART heeft het beloop van een HIV-1 infectie bij kinderen enorm veranderd. 

Van een progressieve en dodelijke ziekte is HIV een chronische, deels controleerbare 

ziekte geworden. Het aantal opportunistische infecties is gedaald, met zeer belangrijke 

reducties in morbiditeit en mortaliteit als gevolg. In dit proefschrift wordt beschreven, 

dat tijdens de behandeling van HIV-1-geïnfecteerde kinderen met H A A R T CD4 + T cel 

aantallen herstellen tot bijna op het niveau van gezonde kinderen. Vaccinatie met een 

levend-verzwakt virus is veilig, hoewel de serologische reactie na vaccinatie niet volledig 

herstelt onder HAART. Daarnaast blijven ook de immunologische geheugenfuncties 

verstoord tijdens de behandeling met HAART, zoals blijkt uit het verlies van zowel 

cifieke antistoffen, als het feit dat sommige latente virus infecties actief blijven in 

kinderen die met H A A R T behandeld zijn. Nader onderzoek naar de pathogenese en 

de klinische verschijnselen en beloop is nodig om de implicaties van onze observaties 

\ erder te begrijpen en te duiden. 
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"Een goede samenwerking tussen verschillende mensen en disciplines in de beste 

manier om een onderzoek tot een goed einde te brengen." 

In dit laatste hoofdstuk wil ik deze stelling uitwerken. Het is de verdienste van velen dat 

dit boekje nu voor u ligt. Ik wil hier dan ook al die mensen, die het werk hebben gedaan, 

dat resulteerde in dit proefschrift, bedanken voor hun inzet, enthousiasme en inspiratie. 

Een deel van hen zal ik bij naam noemen en kort hun inspanningen beschrijven. 

Om te beginnen natuurlijk de kinderen die binnen het "pediatrie Amsterdam Cohort 

on H I V " (PEACH) worden behandeld en de kinderen die ik heb gevaccineerd. Zeer 

regelmatig kwam ik bij hen langs om te prikken. Ze hielden ze zich altijd heel sterk en 

ondanks de prikken werd ik iedere keer weer enthousiast onthaald. Ook hun ouders en 

verzorgers ben ik veel dank verschuldigd. Door dit enthousiasme van de kinderen en d 

gastvrijheid van hun ouders en verzorgers voelde ik me elke keer weer welkom. 

Taco Kuijpers heeft de afgelopen jaren als begeleider, ideeënboer, motivator en promotor 

een grote bijdrage geleverd aan dit onderzoek. Na de regelmatige overleggen was er altijd 

veel werk te verzetten om alle nieuwe ideeën uit te werken. En hoe hard ik ook mijn best 

deed, tegen de enorme snelheid, waarmee hij de stukken die ik hem toestuurde, las en 

voorzag van aanvullingen, was niet op te schrijven. 

Op de poli kindergeneeskunde werkt een heel team om de kinderen, die meededen 

aan dit onderzoek, zo goed mogelijk te behandelen. Atie, Dasja, Eugenie, Henriette, 

Masira en Marion werken met veel toewijding aan de behandeling en begeleiding van de 

kinderen met een HIV-infectic. Met hun hulp hebben we alle data kunnen verzamelen 

en werd er bloed afgenomen als dat moest. Daarnaast is er altijd Katenka, die allerlei 

problemen snel weet op te lossen en altijd bereid is om van alles te regelen. 

Op het CLB loopt een legertje mensen rond dat veel werk heeft verzet om alle gegevens 

bij elkaar te krijgen. Agnes, Enk , Fions, Irma, Linda, Marga, Marijke, Natalie, Peter, 

S« »fie, Sophie en Hanneke hebben gezorgd voor veel van de immunologische data. Allerlei 

ingewikkelde bepalingen en zelfs logistiek onmogelijke operaties werden uitgevoerd. Zo 

konden we de hoeveelheid bloed die we per keer moesten afnemen bij de kinderen, tot 

een minimum beperken. 

e 

Ik heb bijzonder veel gehad aan het team onder leiding van Frank Miedema, dat mij eerst 

0] het CLB, later vanuit Utrecht heeft geholpen met discussies over de interprétât! 

van de bevindingen, het uitdenken van nieuw onderzoek en bij het opschrijven van de 

resultaten. Ik heb veel geleerd van Debbie, Margreet, Erwan, Corine en Frank, 

Veel denkwerk is verricht op de afdeling virologie door Jan, Pauline, Hans, Katja, janke 

en Marcel. Verder heeft men op deze afdeling zeer veel bepalingen voor mij uitgevoerd 

en heb ik van hen ook geleerd zelf serologische bepalingen te doen en cellen in kweek 

te houden. 
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Met de cellen uit die kweek in de hand liep ik regelmatig binnen bij de afdeling 

cytodiagnostiek. Carla, Monique, Esther en Carel hielpen mij bij het opzetten en 

uitdenken van een aantal proeven om onze bevindingen verder te onderbouwen. 

O p de afdeling retrovirologie zijn alle H I V RNA bepalingen voor ons onderzoek 

gedaan. Dankzij de lage drempel en de zoektochten naar oudere samples in de vriezers 

kon al het werk in korte tijd worden gedaan. 

In gebouw T heb ik 4 jaar lang een bureau gehad met computer en een steeds groter 

wordende stapel papier. De bewoners van het T-gebouw, eerst het IATEC en later 

Pharmaccess, waren altijd zeer gastvrij. Ik heb veelvuldig gebruik mogen maken van 

J hun faciliteiten. Dankzij Joep Lange ben ik in contact gekomen met meer dan alleen 

de kindergeneeskunde. Hij heeft in het T-gebouw veel onderzoekers op het gebied van 

H I V van de afdelingen interne en gynaecologie samengebracht: "Van andermans fouten 

kun je leren en andersmans initiatieven kun je kopiëren." Maar er was vooral ook tijd 

voor gezelligheid. Anouk, Daniel, Anouk, Elly, Katalin, Mark, Miriam, Sanjay, Saskia, 

Selwyn en Thomas hebben mijn tijd op het AMC kleur gegeven. 

Gezelligheid was er ook bij het onderwijs voor de onderzoekers van de kindergeneeskunde 

en vooral ook bij de wekelijkse gezamenlijke lunch. Ik hoop snel weer op het Emma 

Kinderziekenhuis rond te lopen. 

Joost, Radjin en Frank zijn voor mij zeer bepalend geweest voor de sfeer in de laatste 

jaren van het onderzoek. Van hen heb ik veel steun en advies gekregen. Ook in de 

laatste maanden, waarin ik al in Washington zat en er nog veel geregeld moest worden, 

stonden Joost en Radjin voor mij klaar. Frank heeft mij de fijne kneepjes van en het 

enthousiasme voor het vak epidemiologie bijgebracht. En verder waren er natuurlijk de 

gezellige avonden in de stad. Ik hoop dat die met het afronden van dit boekje niet tot 

het verleden horen. 

Met Elske en Madeleine heb ik samengewerkt aan diverse onderzoeksprojecten. Ik heb 

geprobeerd hun kritische blik over te nemen. De gezellige etentjes en avonden m de 

kroeg waren een fijne afwisseling na het gepraat op en over het werk. 

I would especially like to thank Michael Kangas for his advice on language matters and 

lor his critical reading and his comments on one of the manuscripts. Besides that, he 

was the one that introduced me to Aliënde and her sister. 

In het laatste jaar van mijn onderzoek heb ik met veel plezier bij de G G D Amsterdam 

gewerkt als consultatiebureau-arts. De totaal andere problemen waar ik mee te maken 

kreeg tijdens de spreekuren zorgden voor een frisse blik op het onderzoek. Dit en de 

gezelligheid onderling heeft het proces zeker goed gedaan. 

Tijdens mijn verdediging word ik terzijde gestaan door mijn zussen en mijn broer. 

Allemaal zijn we onze eigen weg gegaan, ieder onze eigen interesse en geïnteresseerd 

in eikaars bezigheden. Vol trots kan ik grote verhalen vertellen over wat ied( 



is gaan doen en heeft gedaan. Ik ben erg blij dat zij voor mij het feest en alle laatste 
voorbereidingen uit handen hebben genomen. 

Een zeer grote rol was er weggelegd voor mijn ouders. Dat begon al tijdens de vroegste 
voorbereidingen. Zij zagen er op toe dat ik altijd braaf mijn huiswerk deed. Een 
waardevolle rol zijn ze tijdens mijn studie en het onderzoek blijven vervullen, al was 
het niet langer als hulp bij mijn huiswerk. Een open blik, zelfvertrouwen en een brede 
interesse werd ons bijgebracht. Achteraf hebben ze hier spijt van, nu wij alle vier, als 
gevolg van die opvoeding, voor een langere tijd in het buitenland hebben gezeten. 
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" \vat niemand je afneemt, wat niemand verkoopt, wat niet valt te snappen, waar iedereen 
op hoopt, wat niets in het groot is, en groots in het klein." 'Meelevend, invoelend en 
kritisch heeft Wendy een belangrijke rol gehad in de afronding van het boekje. Ook o 
inhoudelijk heeft zij haar bijdrage geleverd aan een belangrijk deel van dit boekje. 
Voor haar werk zal zij nog een aantal, voor de meeste mensen ontoegankelijke gebieden 
bezoeken. Maar nu dit onderzoek lijkt te zijn afgerond hoop ik ook mèt haar nog veel 
reizen te maken en de vele uithoeken van de wereld te ontdekken. We beginnen in ieder 
geval met de komende vakantie en ik hoop dat er nog vele reizen zullen volgen. 

Washington, D.C., mei 2006 
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